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PREFACE 



Saturday, 8 February 1969, was not the bitterly cold 
day that often serves as a harbinger of a severe winter 
snowstorm on New York’s Long Island. Instead, it was 
generally sunny and cool, about 40°F(5°C). The weather 
forecast that morning, though, provided a little bit of 
encouragement to a 13-year-old snow fanatic: “Tomor- 
row will be cloudy with rain OR SNOW likely.” 

I 1 knew from experience that the probability of a big 
snowstorm on Long Island was not very great because 
of its close proximity to the relatively warm Atlantic 
Ocean. I had already felt the crushing disappointment 
when potentially major snowstorms became rainstorms, 
and sure days off from school became days like all the 
rest. My pessimism was reinforced by the local weather 
reports on Saturday evening, indicating southeasterly 
winds, a bad sign for impending snowstorms. As I went 
to bed that night, I prepared myself for the usual dis- 
appointment, since outdoor temperatures held well 
above freezing and the wind continued to blow from 
the ocean. 

When I awakened the following morning, a strong 
wind was whistling through the air-conditioning unit 
that extended outside my room. This sound was not 
enough to arouse me until I suddenly realized that the 
glow emanating from the translucent shutters covering 
my window was unusually bright for early morning. I 
shot out of bed and flung open the shutters to discover 
that the world outside was white. There wasn’t very 
much accumulation on the ground yet, maybe an inch, 
but the snow was falling fast and flying horizontally 
from the northeast. A busy day lay ahead of me! 

While my family still slept, I ran from window to 
window to see how the storm was changing the envi- 
ronment outside. I turned the radio on, only to become 
annoyed at the weather forecasters’ insistences that the 
snow would soon end. After a while, confidence in the 
original forecasts eroded as the storm grew more and 
more intense. 

By late morning, my family awoke in astonishment 
as they gazed out the window, wondering what to do 
now that they knew the day would be spent inside. The 
snow had picked up in intensity, falling at perhaps 1 or 
2 inches (2.5 to 5 cm) per hour. Savoring every moment, 
I felt victorious when the weather forecasters finally 
succumbed to the storm and admitted that they didn’t 
know how much more would fall or when the storm 
would end. Then, the inevitable comparisons with ear- 
lier blizzards began to pour forth from the radio and 
TV. 
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The day wore on and snow continued to fall heavily. 
The wind increased, making it difficult to determine how 
much of the swirling snow outside was due to falling 
snow versus snow blowing off the roof or from the 
ground. Drifting snow eventually began to cover several 
windows, making it more difficult to observe what was 
obviously a great storm. As the drifts grew, it became 
impossible to open the front door, and by evening, the 
cars parked on the street appeared as white swells in 
the sea of snow that covered the street. Tremendous 
gusts of wind whistled through the house and actually 
seemed to shake the foundation. 

The snow finally ended in the middle of the night. 
About 18 hours had passed since the time the early 
forecasts indicated that the storm would cease. By morn- 
ing, the only sound heard was that of an overworked 
snowplow. Radio reports now documented the extent of 
the storm. The entire New York City metropolitan area 
was paralyzed. As several hundred cars became strand- 
ed, scores of motorists spent a harrowing night on the 
Tappan Zee Bridge north of New York City. Many other 
motorists met similar fates on the myriad of roadways 
throughout the metropolitan area that were littered with 
stranded cars. Thousands more were stranded at airports 
that remained closed anywhere from 1 to 2 days fol- 
lowing the storm. Food was airlifted by helicopter to 
Kennedy Airport to feed the weary travelers. Schools 
closed on Monday and many didn’t reopen until Thurs- 
day, Friday, or even the following Monday. Snowclear- 
ing equipment was slow to be deployed in parts of the 
New York City area and couldn’t keep up with the storm. 
Some city streets remained unplowed many days after 
the storm, creating a public furor. Dozens of deaths and 
several hundred injuries were attributed to the storm 
while millions of dollars were lost due to delayed or 
lost business. 

This particular snowstorm, and other similar storms 
during the late 1950s and 1960s, provided the moti- 
vation for the monograph that follows. Questions con- 
cerning how these storms develop, what weather pat- 
terns provide clues that foretell such events, and what 
factors delineate snow/no snow situations, have chal- 
lenged forecasters and researchers alike. This study is 
our attempt at describing a phenomenon that has stirred 
our curiosity, and provided countless hours of specu- 
lation, entertainment, and, for those numerous false 
alarms, profound disappointment. The disappointments 
(i.e., those storms that changed to rain or veered harm- 
lessly out to sea) will not be highlighted here. The great- 
est snowstorms to affect the northeastern coast of the 
United States during the 1950s, 1960s, 1970s, 1980s, 
1990s, and the beginning of the 21st century will be 
explored in the following chapters. 
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Chapter 1 



INTRODUCTION 



The winter of 2002/03 was a reminder that winter 
storms can have a powerful impact on the northeast 
United States. Snow fell repeatedly from Halloween past 
April Fools’ Day, capped off by the record- setting snow- 
fall during the Presidents’ Day holiday of 16-17 Feb- 
ruary 2003. Following several winters whose mild tem- 
peratures and light or nonexistent snowfall might make 
one believe that severe winters might be headed for 
extinction, the harsh winter of 2002/03 was a throwback 
to many of the famous and infamous winters and winter 
storms that characterized the 20th century. 

The 20th century has now come and gone, leaving a 
legacy of memorable winters, snowstorms, and blizzards 
in the northeast United States. For anyone growing up 
in this region during the late 1950s and 1960s, 1 one 
could count on at least one “real good” snowstorm each 
winter. As the 1960s ended, so did the apparent barrage 
of winter storms that many Northeast residents had be- 
come accustomed to. By the early 1990s, snowy winters 
in the northeast United States seemed to be a relic of a 
different climate regime. Coastal storms, with wind and 
blinding snow, occurred during the 1970s and 1980s, 
but only rarely. The winter of 1977/78 marked the last 
“great” winter to affect the East Coast, and an updated 
version of this book was more likely to appear as a 
Historical Monograph rather than as a Meteorological 
Monograph. However, nature had several surprises left 
up its sleeve with the approach of the 21st century. 

During the early and middle 1990s, snow fell in quan- 
tities rarely, if ever, observed in this part of the country. 
The winters of 1992/93 and 1993/94 established new 
seasonal snowfall records throughout New York, Penn- 
sylvania, and New England, many of which were later 
broken during the winter of 1995/96. Virtually all sea- 
sonal snowfall records in many Northeast cities, some 
that have stood since the 19th century, were broken. 
When we talk about the snows of yesteryear, storms 
such as the March 1993 “Superstorm” and the January 
1996 “Blizzard of ’96” will become the benchmarks 
with which storms in the 21st century will be compared, 
just as such legendary snows as the “Blizzard of 1888,” 
New York City’s “big snow of 1947,” the “Appalachian 
Storm” of November 1950, the snowstorms of the 1960/ 



1 Both authors grew up on Long Island, New York, during the 1950s 
and 1960s. 



61 winter, and the New England blizzard of February 
1978 have served in that capacity. 

The snowstorms of the 1990s and during the winter 
of 2002/03 will become the memories for millions of 
people, especially children, who will remember these 
storms well into this century. Even though snow 
“droughts” dominated most winters since 1990, those 
few winters during which the snow would not stop fall- 
ing will likely lead future “old timers” to talk about 
how “it doesn’t snow like it used to back when I was 
a kid near the turn of the century.” It is also likely that 
the severe winters of the early and middle 1990s and 
2002/03 will inspire a new generation of future mete- 
orologists and amateur weather observers from those 
children who have now been drawn to one of the won- 
ders of the atmosphere, the great Northeast winter snow- 
storm. These emotions are felt by many who lived 
through the 6-8 January Blizzard of 1996. Following 
the blizzard, columnist Russell Baker (1996) captured 
the spirit of the moment in an essay that appeared in 
the New York Times : 

What a Lovely Blizzard 

“Where are the snows of yesteryear?” asked the poet. 
We can now tell him. The weekend blizzard, like the 
snows of yesteryear, not only was wonderfully copious 
but also, like those storms of childhood, brought adven- 
ture for almost everybody. 

This was not universally welcomed. There is something 
alarming at first in being bullied by nature, in being told 
that our airplanes are suddenly unable to take us to the 
next stop down the road toward success and the well- 
ordered life. 

Discovering that our powerful automobiles are suddenly 
useless, that a horse and buggy would be more useful 
just now is alarming. We who have tamed the atom and 
populated the once -lonely farmland with suburbs reach- 
able only because our cars can go wherever we wish are 
suddenly mocked by our powerlessness. 

Some people can ’t take that. In the Piedmont hills where 
I enjoyed the blizzard, people with four-wheel drive cars 
took their machines onto the highways despite terrifying 
driving conditions. Some may have desperately needed 
bread and milk, but many, I suspect, were simply boasting 
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to nature and neighbors of their unstoppable machine 
power. 

Sudden destruction of the normal order had its virtues 
this weekend. What after all is so delightful about being 
strapped rigidly into the normal order? 

Thomas Mann in “The Magic Mountain ” observed that 
time slows down when one escapes the normal order and 
that life becomes more interesting and, because time has 
slowed, longer. Fred Allen defined the normal order as 
a “treadmill to oblivion. ” 

This weekend there was not much normal order. You 
could bow to the majesty of nature and enjoy it, or hate 
it and sputter. 

A friend of mine who had planned to drive a rental truck 
loaded with furniture to a new house in North Carolina 
this weekend had to give up after the first 30 miles. For- 
tunately, he was near a warm hearth where he could 
lodge until the weather settled down. This island of se- 
curity happened to be his mother-in-law's house. 

She was delighted to have him and her daughter pay an 
unscheduled visit, and they were cheered by the prospect 
of settling in for a cozy few days until the normal order 
resumed. The blizzard had elbowed them off a treadmill 
and provided a gentle adventure. 

Adventures are rare these days, even the gentle kind. 
Everybody seems so busy making money or worrying 
about being fired, or “downsized,” to use the corporate 
euphemism, that we spend most of our lives staring at 
the bottom line. 

The bottom line — what a depressing metaphor with its 
suggestion of the grave, that final accounting before law- 
yers and heirs throw an iron wreath on Mr. Success and 
divvy up the bounty. 

Some spoilsport record-keeper can probably produce fig- 
ures proving it is silly to call this weekend's blizzard in 
the East one of the great snows of yesteryear, and more 
statistics to prove that the snows of yesteryear were not 
worth raving about anyhow. Where would we be without 
statistics to save us from life's romantic pleasures ? 

I distinctly remember the great snow of— well, never mind 
the year. I was 11 years old and mesmerized by a girl 
named Gladys. All I remember now is her hair. It was 
dark and long and thick and hung down in ringlets. 

The snow of that yesteryear was the loveliest I ever saw. 
Never had there been better sledding. We boys sledded 
night after night until we knew it was past suppertime, 
then, soaking wet, went home to scoldings for being late. 
I persisted in coming late despite the scoldings, for I had 
found that Gladys of the glorious ringlets, who had until 
then been utterly unapproachable, loved sledding down- 
hill at breakneck speed. 

And ah, the beauty part: She had no sled, so had to be 



content with piggyback rides with the boys. After a few 
test runs, she must have decided that I had the fastest 
sled of all. The woman was mine! 

The snow melted too soon. Sledding stopped. 1 was moved 
to another city far away and never saw Gladys again. 
The memory of that snow has stayed with me ever since. 
They haven 't made them like that for years, but this week- 
end they came close. 

While heavy snowstorms are clearly responsible for 
major disruptions affecting many millions of individ- 
uals, a great snowstorm can become a defining event in 
people’s lives. This book is dedicated to those who are 
mesmerized, for whatever the reason, by the beauty and 
the incredible spectacle of nature that transforms the 
order of everyday life into an “adventure” in a sea of 
snow. The aesthetic appeal of snowstorms is shared by 
many, who, overlooking the discomforts and hardships 
such storms may yield, find the transformation of fa- 
miliar surroundings into spectacular landscapes of white 
and gray an exhilarating experience. The following ex- 
cerpt of a poem by John Greenleaf Whittier captures 
the strong emotions brought forth by these great snow- 
and windstorms: 

Snowbound 

The sun that brief December day 
Rose cheerless over hills of gray, 

And, darkly circled, gave at noon 
A sadder light than waning moon. 

Slow tracing down the thickening sky 
Its mute and ominous prophecy, 

A portent seeming less than threat, 

It sank from sight before it set. 

A chill no coat, however stout, 

Of homespun stuff could quite shut out, 

A hard, dull bitterness of cold, 

That checked, mid-vein, the circling race 
Of life-blood in the sharpened face, 

The coming of the snow-storm told. 

The wind blew east; we heard the roar 
Of Ocean on his wintry shore, 

And felt the strong pulse throbbing there 
Beat with low rhythm our inland air. 

Meanwhile we did our nightly chores, 

Brought in the wood from out of doors, 
Littered the stalls, and from the mows 
Raked down the herd’s -grass for the cows: 
Heard the horse whinnying for his corn ; 

And, sharply clashing horn on horn, 
Impatient down the stanchion rows 
The cattle shake their walnut bows; 

While, peering from his early perch 
Upon the scaffold's pile of birch, 

The cock his crested helmet bent 
And down his querulous challenge sent. 
Unwarmed by any sunset light 
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The gray day darkened into night, 

A night made hoary with the swarm 
And whirl-dance of the blinding storm, 

As zigzag, wavering to and fro, 

Crossed and recrossed the winged snow; 

And ere the early bedtime came 
The white draft piled the window-frame, 

And through the glass the clothes-line posts 
Looked in like tall and sheeted ghosts. 

So all night long the storm roared on: 

The morning broke without a sun; 

In tiny spherule traced with lines 
Of Nature’s geometric signs, 

In starry flake, and pellicle 
All day the hoary meteor fell; 

And, when the second morning shone, 

We looked upon a world unknown, 

On nothing we could call our own. 

Around the glistening wonder bent 
The blue walls of the firmament, 

No cloud above, no earth below, - 
A universe of sky and snow! 

The old familiar sights of ours 
Took marvelous shapes; 

Strange domes and towers 
Rose up where sty or corn-crib stood, 

Or garden-wall, or belt of wood; 

A smooth white mound the brush-pile showed, 

A fenceless drift what once was road. 

1. Impact 

Episodes of heavy snowfall are cause for concerns 
that are larger in scope than the mere discomfort and 
inconvenience of shoveling the driveway or walks. The 
nation’s complex infrastructure of highways, city streets, 
and local roads challenge the Department of Transpor- 
tation, state agencies, and municipal governments to 
effectively combat snowfall to allow safe transit and 
maintain commerce (McKelvey 1995). Most people are 
unaware of the significant efforts, in terms of both plan- 
ning and expense, put forward by local and state agen- 
cies devoted to snow removal and highway mainte- 
nance. 

There are few statistics directly relating cause and 
effect between automobile accidents, injuries, and 
deaths and snow- and ice storms. Statistics are kept 
relating automobile deaths and injuries for certain road- 
way and weather conditions that show a significant num- 
ber of weather-related crashes occur with snow and ice. 
For example, an average of more than 85,000 crashes 
occurred each year (for the period 1995-2001), nation- 
wide, resulting in at least one injury, when the pavement 
was reported as either snowy and slushy or icy (L. Good- 
win, Mitretek Systems, Inc., unpublished manuscript). 
In addition, an average of more than 46,000 crashes 
resulting in at least one injury occurred per year (1995- 



2001) when snow was reported as “falling.” Fatality 
statistics are kept by the Fatality Analysis and Reporting 
System (FARS; information online at http://www- 
fars.nhtsa.dot.gov/) and include reports of road condi- 
tions in fatal traffic accidents, with separate observations 
termed snowy, slushy, and ice and show that snowy or 
ice-covered roads may have been factors in 10,164 fa- 
talities between 1994 and 2001, an average of 1270 
fatalities per year. 

The combined effects of heavy snow, high winds, and 
cold temperatures can be particularly debilitating and 
pose a serious threat to safety in a heavily populated 
and highly industrialized environment. Such is the case 
along the northeast coast of the United States, a region 
that extends roughly from Virginia to Maine and in- 
cludes the densely populated metropolitan centers of 
Washington, D.C.; Baltimore, Maryland; Philadelphia, 
Pennsylvania; New York, New York; Boston, Massa- 
chusetts; and dozens of smaller urban areas. This region 
is commonly referred to as the “Northeast urban cor- 
ridor” (see Fig. 1-1) and is home to nearly 50 million 
people. Here, heavy snowfall associated with intense 
coastal cyclones, often called nor’easters, may maroon 
millions of people at home, at work, or in transit; se- 
verely disrupt human services and commerce; and en- 
danger the lives of those who venture outdoors. Snow- 
storms have their greatest impact on transportation, be- 
ing especially disruptive to automotive travel and to 
aviation. Snowstorms have a particularly debilitating ef- 
fect on aviation by causing widespread delays, airport 
closings, and occasionally contributing to serious airline 
accidents. 2 

These snowstorms can also have a long-term impact 
on the nation’s economy. Examples include the snow- 
storms of March 1993 and January 1996, which have 
resulted in economic losses in the billions of dollars 
(NCDC 2003) that rival those associated with major 
hurricanes. In both of these instances, state and local 
resources were unable to keep pace with the enormous 
expenses incurred during each storm, and the Federal 
Emergency Management Agency (FEMA) responded 
with numerous disaster declarations, allowing federal 
funds to be used in disaster relief. The Department of 
Commerce measured a downturn in the economy fol- 
lowing the March 1993 Superstorm. Some studies, 3 
based on economic indicators that are heavily weighted 
by employment statistics, have also suggested that a 
major snowstorm in the heavily populated Northeast 
significantly influences the regional and the national 
economies, since a major storm temporarily puts mil- 



2 The 14 January 1982 Air Florida crash into the 14th St. Bridge 
in Washington, D.C., occurred during a heavy snowstorm. Other mis- 
haps, such as the 22 March 1992 crash at New York’s John F. Kennedy 
International Airport and an aborted takeoff on 16 February 1996 at 
New York’s LaGuardia Airport, are examples of snowfall’s threat to 
aviation. 

3 See the Liscio Report, January 31, 1993, Vol. 3, No. 3; February 
2, 1994, Vol. 3, No. 4; and January 9, 1996, Vol. 5, No. 1. 
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Fig. 1-1. This region is commonly referred to as the Northeast urban corridor and is home to nearly 50 million people. 
Here, heavy snowfall associated with intense coastal cyclones known as “nor’easters” may maroon millions of people 
at home, work, or in transit; severely disrupt human services and commerce; and endanger the lives of those who venture 
outdoors. 



lions of people out of work. Retail sales and housing 
activity are also affected by heavy snows and severe 
cold. These recent reports have suggested that the na- 
tion’s economic strength was significantly weakened 
following the major snowstorms in February 1978, 
March 1993, and January and February 1994. During 
the harsh winter of 1977/78, the economy slowed from 
a 9% growth rate at either end of the winter season to 
only 1% during the winter itself. Once severe weather 
conditions eased, the economy rebounded significantly. 

The occurrence of snowstorms is certainly not limited 
to the northeast United States. Accordingly, there is an 
increasing literature on the climatology and factors re- 
sponsible for heavy snowfall for other regions of the 
nation that are severely impacted by winter weather, 
including the Front Range of the Rocky Mountains 
(Dunn 1987, 1988, 1992; Howard and Tollerud 1988; 
Rasmussen et al. 1992; Mahoney et al. 1995; Snook and 
Pielke 1995; Wesley et al. 1995), the eastern and south- 



eastern United States (Suckling 1991; Maglaras et al. 
1995; Gurka et al. 1995; Keeter et al. 1995; Mote et al. 
1997), the central United States (Younkin 1968; Mar- 
witz and Toth 1993; Rauber et al. 1994; Gyakum 1987; 
Weisman 1996), the western United States (Carpenter 
1993; Ferber et al. 1993), and the Great Lakes (Niziol 
1987; Niziol et al. 1995; Hjelmfelt 1990, 1992; Byrd et 
al. 1991). However, there is little question that the im- 
pact of heavy snowstorms in the Northeast urban cor- 
ridor is huge, since, as will later be shown, the numbers 
of people affected by these storms can be staggering. 

2. The challenge of forecasting Northeast 
snowstorms 

Northeast snowstorms result from a complex inter- 
action of physical processes that acts to organize a wide- 
spread region of ascent, entrain large amounts of water 
vapor necessary to produce heavy amounts of precipi- 
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tation, and supply a source of cold air that enables pre- 
cipitation to reach the ground as snow. These physical 
mechanisms are associated with cyclonic and anticy- 
clonic weather systems that traverse the middle latitudes 
and interact with the unique topography of the eastern 
United States and adjacent waters. Topographical factors 
that contribute to these weather systems include land- 
ocean temperature and frictional contrasts; the influ- 
ences of the Atlantic Ocean, Gulf of Mexico, and Great 
Lakes in supplying moisture and on airmass modifica- 
tion; the position of the Gulf Stream; and the effects of 
the Appalachian Mountains on the low-level tempera- 
ture and wind fields. This combination of factors favors 
the northeastern United States and its offshore waters 
as important sites for cyclogenesis (Petterssen 1956; 
Klein and Winston 1958; Reitan 1974; Colucci 1976; 
Sanders and Gyakum 1980; Hayden 1981; Roebber 
1984) that can occasionally result in heavy snowfall in 
the Northeast urban corridor. 

The ability of weather forecasters to recognize and 
account for the many elements that influence the de- 
velopment and evolution of major snowstorms is crucial 
for the accurate prediction of heavy snowfall in the 
northeastern United States. Throughout much of the 
20th century, attempts to forecast such storms have 
yielded mixed results, at best. Prior to 1950, reliance 
on hourly surface weather observations and an increas- 
ing amount of upper-air data derived from synoptic- 
scale rawinsonde balloon releases were the only means 
for forecasting, which could be useful for cases involv- 
ing preexisting storms that followed easily predictable 
paths. However, suddenly developing storm systems 
were often not predicted because the significant changes 
in the prestorm environment could only be inferred from 
observing the “synoptic scale” evolution of upper-level 
features and approximating their interaction with lower- 
tropospheric processes. 

As examples, the severity of two of the most debil- 
itating snowstorms in New York City’s history, the 
March 1888 blizzard (Kocin 1983) and the city’s record 
26.4-in. (66 cm) snow of December 1947, was virtually 
unforecast, as described in later chapters. Even the ad- 
vent of upper-air observing systems, satellite data, the 
advances made in computer technology, and the devel- 
opment of numerical weather prediction models during 
the latter half of the 20th century provided no guarantee 
of accurate forecasts for many important storms, in- 
cluding the “Lindsay Storm” of February 1969, and the 
February 1979 Presidents’ Day storm (Bosart 1981; 
Uccellini et al. 1984, 1985, 1987; Atlas 1987). The pub- 
lic’s lack of confidence in forecasters’ abilities to predict 
such storms was, to some degree, sustained by continued 
forecast deficiencies for major storm systems. These fac- 
tors contributed to a public perception that these weather 
systems were either unpredictable or that forecasters did 
not know what they were doing, or both. 

In the 1970s and 1980s, operational and research nu- 
merical weather forecasts started having more success 



in many heavy snow situations, as demonstrated by sim- 
ulations of the intense New England snowstorm of Feb- 
ruary 1978 (Brown and Olson 1978), the spring blizzard 
of April 1982 (Kaplan et al. 1982), the “Megalopolitan” 
snowstorm of February 1983 (Sanders and Bosart 1985), 
and a convective snow event in March 1984 (Kocin et 
al. 1985). The failure of the operational forecast models 
to adequately predict the February 1979 Presidents’ Day 
storm served as a catalyst for research efforts that led 
to improvements in the physical representation of 
boundary layer and diabatic effects in numerical model 
predictions. In more recent years, the quality of forecasts 
of major cyclone events has improved markedly in the 
24-48-h range, with useful prediction of storm systems 
also made out to 3-5 days in advance (Uccellini et al. 
1999). These advances are described in more detail in 
chapter 8 and have culminated in dramatic improve- 
ments in the forecasts of the timing, location, and in- 
tensity of cyclogenesis since the late 1980s. As a result, 
“surprise” snowstorms that affect large areas are be- 
coming a relatively rare event. Nevertheless, the mod- 
ern, model-based forecast process is not infallible, as 
demonstrated by the failure of many numerical predic- 
tion models to predict a major East Coast snowstorm 
on 24-25 January 2000 (Buizza and Chessa 2002; 
Zhang et al. 2002; Bosart 2003). 

Even with several examples of successful predictions 
noted above, even good forecasts of major snowstorms 
were not completely accurate. Forecasts that can be de- 
scribed as successes, such as the operational numerical 
model forecast of the 11-12 February 1983 Megalo- 
politan snowstorm, the March 1993 Superstorm, and the 
January 1996 Blizzard of ’96, contained flaws that were 
significant. In the 1983 and 1996 storms, a major snow- 
fall was predicted by forecasters several days in advance 
for the middle Atlantic states, clearly a success. How- 
ever, it was not clear in the early forecasts of each storm 
whether the northward extent of excessive snowfall 
amounts would reach New York City and southern New 
England, a failure for both cases. In the case of the 
March 1993 Superstorm, the prediction of heavy snow 
and a major cyclone up to 5 days in advance was a 
remarkable success. However, the rapid development of 
the cyclone over the Gulf of Mexico was underforecast, 
while the East Coast development was overforecast, 
leading to a significant underestimation of the storm’s 
strength over the Gulf of Mexico (Uccellini et al. 1995). 
This forecast error minimized the expected impact of 
the storm along the Gulf coast, especially in the state 
of Florida, where damage was severe and dozens of lives 
were lost. More recently, a snowstorm in December 
2000 was accurately predicted for New York City and 
much of New Jersey up to 5 days in advance, with heavy 
snowfall amounts forecast 36 h before the snow began 
falling. This success was tempered, however, by the 
forecast of significant snowfall that never materialized 
over Washington, D.C.; Baltimore; and portions of cen- 
tral Pennsylvania, which were also warned of heavy 
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snow. Therefore, even relatively exceptional model 
forecasts still may contain seemingly small errors that 
can have a profound impact on the accuracy of weather 
forecasts that are released to the general population. 

3. Basis for a snowstorm monograph 

In view of the continuing need to improve our un- 
derstanding of these storm systems, this two-volume 
monograph provides an analysis of the horizontal and 
vertical structures and evolution of many of the most 
crippling snowstorms to affect the heavily populated 
Northeast region during the 20th century. These snow- 
storms are examined from historical, climatological, 
synoptic, and dynamical perspectives. 

It is not the intent of this monograph to introduce 
detailed dynamical interpretations of each cyclone 
event, as can be found in specialized diagnostic and 
modeling studies of individual cases. The Genesis of 
Atlantic Lows Experiment (GALE; Dirks et al. 1988), 
the Canadian Atlantic Storms Program (CASP; Stewart 
et al. 1987), and the Experiment on Rapidly Intensifying 
Cyclones over the Atlantic (ERICA; Hadlock and 
Kreitzberg 1988) have served as excellent sources of 
specialized studies of cyclogenesis that address the rel- 
ative importance of the various processes that influence 
cyclone development along the east coast of the United 
States. 

Brandes and Spar (1971) attempted to define the nec- 
essary conditions for heavy snowfall along the East 
Coast using a composite approach. They found that 
compositing failed to resolve antecedent patterns 12- 
24 h prior to heavy snowfalls. Apparently, the synoptic- 
and mesoscale features in the geopotential height and 
wind fields that are important factors in the initial stages 
of many snowstorms were overly smoothed by com- 
bining many storm systems characterized by significant 
case-to-case variability. This eliminates important sig- 
nals that could be used to specify those conditions that 
lead to Northeast snowstorms. Therefore, the approach 
used in this monograph is based on sequences of con- 
ventional weather charts and detailed descriptions of 
individual storms. This method enables us to identify 
patterns in the surface, lower- tropospheric, and upper- 
tropospheric fields that precede and accompany the de- 
velopment of heavy snowfall, to develop schematic di- 
agrams that capture the essential processes that con- 
tribute to these storms, and to document the case-to- 
case variability that frustrates efforts to specify required 
conditions or standard scenarios that are applicable to 
all storms. 

The interactions of the varied mechanisms and pro- 
cesses that produce these storms span the spectrum of 
time and length scales from the nucleation of cloud 
particles to planetary wave dynamics. The temporal and 
spatial resolution of the operational weather analyses 
from which this study is derived limits us to describing 
only those features that operate over periods of several 



hours to several days and lengths of 10 2 -10 4 km [the 
meso-, synoptic, and planetary scales; see Orlanski 
(1975)]. Details on the physical principles in snow for- 
mation can be found in Houze (1993) and other texts 
on cloud physics, and will not be addressed here. 

The monograph is designed to provide a foundation 
for researchers, students, and weather observers inter- 
ested in investigating the processes that interact to pro- 
duce major winter storms and to serve as an easily ref- 
erenced guide for forecasters concerned with predicting 
heavy snowfall along the northeastern coast of the Unit- 
ed States. In the following pages, material from the 
original version of this monograph (Kocin and Uccellini 
1990) and review articles on rapid cyclogenesis and the 
evolution of the forecast process (Uccellini 1990; Uccel- 
lini et al. 1999) have been retained and updated. 

But there is much that is new. The monograph is 
composed of two volumes. In volume I, the chapter on 
climatology has been expanded to cover seasonal snow- 
fall and relationships with climatic variables such as the 
El Nino-Southern Oscillation (ENSO) and the North 
Atlantic Oscillation (NAO). New chapters have also 
been added, one to address the mesoscale character of 
snowfall distributions, a continuing source of interest 
and frustration to forecasters unable to diagnose and 
predict phenomena that are still poorly understood. An 
additional chapter distinguishes differences between 
major snowstorms and storms that involve a change 
from snow to rain within the Northeast urban corridor, 
as well as storms marked by moderate snowfall, and ice 
storms. Also included are discussions of the scientific 
and technological issues that contribute to the increased 
understanding and general ability to predict the snowfall 
that accompanies winter storms. New cases that have 
occurred since the publication of the original monograph 
have also been included in volume II to provide a syn- 
optic climatology for snowstorms that have occurred 
over a 50-year period. A Northeast Snowfall Impact 
Scale (NESIS) has also been devised to provide a com- 
parative assessment of individual storms that can be 
communicated to the public. 

In volume I, a climatological review of seasonal 
snowfall during the 20th century, an overview of mod- 
erate to heavy snow events during the latter half of the 
20th century, and their relationships to climatic vari- 
ability are provided in chapter 2. A description of the 
meteorological characteristics of 30 major snowstorms 
during the latter half of the 20th century follows in 
chapters 3 and 4, derived from conventional analyses 
of sea level pressure, geopotential height, wind, tem- 
perature, and other parameters. Chapter 5 focuses on 
cases characterized as “near misses” — those storms that 
start as snow but either change to rain, ice pellets and 
freezing rain — or “moderate” snowstorms, whose 
snowfall distribution is not as widespread nor heavy as 
in those cases summarized in chapters 3 and 4. Meso- 
scale aspects of the snowfall distribution associated with 
heavy snow events, both in terms of the detail apparent 
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in major snow events, and of the isolated heavy snow 
event, are described in chapter 6. Chapter 7 provides 
an overview of the physical processes that contribute 
to these storms. Chapter 8 summarizes the revolutionary 
changes that have occurred during the past 100 years 
in forecasting winter storms and concludes with dis- 
cussion of the Northeast Snowfall Impact Scale. A com- 
pilation of seasonal snow statistics for more than 30 
sites has been included in the appendix. 

In volume II, detailed descriptions of several histor- 
ical cases, dating as far back as the 18th century through 
1950, are provided in chapter 9. A comprehensive series 



of weather map analyses for each of the 30 storms that 
occurred between 1950 and 2000 and summarized in 
chapters 3 and 4 of volume I is presented in chapter 10, 
as well as an analysis of the February 2003 Presidents’ 
Day Snowstorm II and another snowstorm in December 
2003. Brief case histories and map analyses of numerous 
interior and moderate snowstorms and ice storms sum- 
marized in chapter 5 of volume I are also provided in 
chapter 11. The digital data on standard pressure levels 
and related maps used in volume II are also provided 
on a DVD that is included with volume II. A final chap- 
ter concludes with analyses of early and late season 
snow events. 



Chapter 2 

CLIMATOLOGY 



Northeast snowstorms are best understood and ap- 
preciated in the context of the climatological range of 
conditions experienced in the northeast United States. 
In this chapter, the climatology of seasonal snowfall and 
significant snowstorms in the northeast United States is 
described. The distribution of seasonal snowfall during 
the 20th century is also discussed, with emphasis placed 
on the periodic and episodic nature of heavy snowfall 
associated with major snowstorms. The possible rela- 
tionships between climate variability related to the 
Southern Oscillation [SO; or El Nino-Southern Oscil- 
lation (ENSO)], the North Atlantic Oscillation (NAO), 
and global warming are also discussed. 

The distribution of moderate (10 cm or 4 in. and 
greater) and heavy snow (25 cm or 10 in. and greater) 
events within the Northeast urban corridor is examined 
during the latter half of the 20th century, with a focus 
on its locations, frequency, and months of occurrence. 
An examination of these events provides a basis for the 
selection of the most significant storms that have im- 
pacted the Northeast urban corridor. A discussion of 
snowfall measurement issues that influence the inter- 
pretation of all snowfall amounts presented throughout 
the monograph follows. 

1. Snowfall measurement issues 

Observations and summaries of snowfall presented in 
this chapter, as well as throughout this monograph, are 
affected by the difficulties inherent in measuring snow- 
fall. The issues associated with snowfall measurement 
are condensed from Doesken and Judson (1996), who 
discuss the many difficulties in taking accurate and con- 
sistent snow measurements. This discussion is presented 
to help analyze some of the difficulties in assessing 
snowfall and to keep the snowfall analyses presented 
throughout this monograph in some perspective. 

The measurement of snow is far from an exact pro- 
cedure, being influenced by where, how often, and on 
what surfaces the measurements are made. Snowfall is 
defined in Doesken and Judson (1996) as the depth of 
new snow that has fallen and accumulated in a given 
period, and is measured daily at a specified time of 
observation using a ruler and a snowboard, 1 in a location 



1 A snowboard is usually a solid, painted piece of wood, approx- 
imately 2 ft on a side, that is laid on the ground. 



protected from the wind and representative of the area 
(i.e., not in a drift). 

National Weather Service policy 2 has directed that 
snowfall measurements can be taken up to four times 
daily at 6-hourly intervals in order to differentiate be- 
tween snowfall and snow cover. If a snowboard is not 
available, wooden decks and grassy surfaces are usually 
good alternatives although the observer must be careful 
to subtract the airspace between the grass and the lowest 
layer of snow. The measurement is read to the nearest 
0. 1 in. and is recorded unless blowing, drifting, melting, 
or settling has occurred. When these conditions occur, 
the observer must use judgment to determine snowfall 
and pay heed and consider the following precautions: 

a) Measure snowfall where the effects of blowing and 
drifting are minimized. In situations where wind- 
blown snow cannot be avoided, an average of several 
representative measurements should be employed. 

b) Snow often melts as it lands on the ground. If no 
accumulation is ever noted even on grassy surfaces, 
snowfall should be measured as a “trace.” If snow 
partially melts, and some accumulation takes place, 
the daily snowfall should be recorded as the greatest 
accumulation of new snow observed at any time dur- 
ing the day. If snow accumulates, melts, and accu- 
mulates again, the snowfall is the sum of each new 
accumulation. 

c) Snow, especially deep snow with low water content, 
also settles and compacts as it lies on the ground. 
According to Doesken and Judson (1996), the daily 
snowfall should be the maximum accumulation of 
new snow observed at any time during the day. If 
one uses frequent snow observations of a cleared 
surface to measure snowfall, say several times per 
day, or hourly, the total snowfall can exceed the daily 
snowfall, sometimes significantly during long-du- 
ration events. 

An excellent example of how differing measure- 
ment techniques can affect a final snow measurement 
occurred during the 6-8 January 1996 “Blizzard of 
’96.” This long-duration snowfall event affected the 
Northeast urban corridor, beginning as all snow, fol- 
lowed by a changeover in some locations to ice pel- 



2 Snow measurement guidelines for National Weather Service Co- 
operative Observers are available from the National Weather Service, 
Office of Climate, Weather and Water Services, May 1997. 
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lets, and then back to snow. During this event, some 
measurements differed by a factor of 2 to 1 [some 
sites measured 15 in. (37 cm) while nearby sites 
reported 30 in. (75 cm)]. If an observer waited to 
take a measurement until the snow ended, some of 
the snow had probably settled due to the storm’s long 
duration and high winds. Therefore, this measure- 
ment would likely underestimate the total snowfall, 
while accurately measuring the snow depth. Alter- 
natively, some observers measured the snowfall at 
differing intervals, clearing off their boards to begin 
a new measurement each time, and measuring a final 
snow depth. These observers reported significant dis- 
crepancies between the summed measurements and 
the final snow depths. An observer taking hourly 
measurements would have a snowfall tally much 
greater than snow depth at the end of the event. 
Which reported amount represents an accurate mea- 
sure of snowfall? 

In most cases of relatively short-term snowfall 
events, frequent measurements may closely approx- 
imate the final snow depth if settling and melting are 
minimized. However, for the greater and longer-last- 
ing events, which are perhaps the most noteworthy 
cases, the weight of the snow can lead to compaction, 
especially if a changeover to sleet or rain occurs 
sometime during the event. The complexity of issues 
surrounding snowfall measurement suggests that a 
standard, such as the 6-hourly measurements insti- 
tuted by the National Weather Service, be applied 
uniformly so a consistent dataset is obtained. 

d) It was a recommendation of Doesken and Judson 
(1996) that if snow changes to another form of pre- 
cipitation, snow measurements be taken at time of 
changeover, when snow depth is at a maximum. If 
sleet accumulates afterward, it should be measured 
as new “snow” and if it changes back to snow, new 
measurements should begin at the time of changeover. 

e) Summer hail should not be reported as snowfall to 
help distinguish early and late season snow and ice 
pellet events from thunderstorm-generated hail, 
when possible (hail occurs throughout the year and 
during the cold months is difficult to distinguish from 
other forms of frozen precipitation). 

Snowfall observations used throughout this mono- 
graph were obtained from records of first-order and co- 
operative observer networks available through the Na- 
tional Climatic Data Center (NCDC). According to 
Doesken and Judson (1996), both sources of data are 
plagued by inconsistent measurement techniques and 
intervals. Therefore, exact amounts should be accepted 
with a certain degree of caution. In general, analyses of 
snowfall for most storms exhibit surprisingly consistent 
snowfall patterns, lending to confidence that in spite of 
possible irregularities, the measurements still have con- 
siderable value. 



Table 2-1. (a) 10 snowiest and (b) 10 least snowy seasons of the 
20th century for an ensemble of 18 sites depicted in Fig. 2-2. 



(a) 10 snowiest 


(b) 10 least snowiest 


Season 


Avg (in.) 


Season 


Avg (in.) 


1995/96 


80.3 


1994/95 


14.8 


1966/67 


58.5 


1918/19 


14.9 


1977/78 


56.2 


1912/13 


14.9 


1947/48 


55.3 


1991/92 


16.4 


1960/61 


53.8 


1988/89 


16.6 


1963/64 


51.8 


1936/37 


18.2 


1906/07 


51.8 


1990/91 


18.6 


1993/94 


51.6 


1931/32 


19.2 


1915/16 


50.6 


1997/98 


19.3 


1933/34 


48.8 


1972/73 


19.6 



2. Seasonal snowfall 

The mean distribution of seasonal snowfall over the 
northeastern United States is largely dependent upon 
latitude, with snow totals ranging from as little as 6 in. 
(15 cm) in the southeastern corner of Virginia to greater 
than 100 in. (250 cm) across sections of central and 
northern New England, New York, and West Virginia 
(Fig. 2-1). The impact of elevation on temperature af- 
fects the distribution of snowfall, which is demonstrated 
by the snowfall maxima over more mountainous inland 
terrain. The increase in snowfall at higher latitudes is 
skewed from southwest to northeast by the Atlantic 
Ocean’s moderating influence on temperature patterns 
along and near the coastline. 

Within the heavily populated urban corridor adjacent 
to the Atlantic Ocean, mean seasonal snowfall ranges 
from less than 10 in. (25 cm) in the Tidewater region 
of Virginia; to 10-20 in. (25-50 cm) across Virginia 
through central and eastern Maryland, Delaware, and 
southern New Jersey; 20-30 in. (50-75 cm) throughout 
the area between Washington, D.C., and New York City; 
and 30-40 in. (75-100 cm) in southern New England. 
A summary of seasonal snowfall statistics for numerous 
locations within the northeast United States is provided 
in the appendix. 

a. Seasonal snowfall in the Northeast urban corridor 

To provide a representative overview of seasonal 
snowfall in the Northeast urban corridor, 18 sites (Fig. 
2-1) are selected to represent the variations in seasonal 
snowfall that occurred during the 20th century. These 
sites are selected because all have maintained snowfall 
records dating back at least to the early 20th century. 
The mean seasonal snowfall patterns for these 18 sites 
show distinct maxima and minima during the 20th cen- 
tury (Fig. 2-2, top), with the mean snowfall for the 18 
sites approaching 34 in. (85 cm). 

For the combined 18 sites, the 10 snowiest and least 
snowy seasons of the 20th century are provided in Table 
2-1. The snowiest seasons appear to occur primarily 
during the second half of the 20th century, with the 
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RELIEF MAP OF THE NORTHEAST 
UNITED STATES 




Fig. 2-1. (top) Relief map of the northeast United States, (bottom) Mean seasonal snowfall (Oct-May 
1960/61-1989/90) for the northeastern United States. Values are site averages in inches and contour 
intervals are given in inches and centimeters. 
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Fig. 2-2. Eighteen sites used to compute mean seasonal snowfall for the Northeast urban corridor. Northern, central, and southern regions 
are used to demarcate differences in seasonal snowfall. Northern region represents mean snowfall greater than 40 in. (100 cm), central region 
represents mean snowfall between 20 and 40 in. (50 and 100 cm), and southern region represents mean snowfall less than 20 in. (50 cm). 



winter of 1995/96 greatly exceeding all other seasons 
with a mean of 80 in. (200 cm). The greatest mean 
seasonal snowfalls (greater than 50 in. or 125 cm) oc- 
curred during the winters of 1906/07, 1915/16, 1947/ 
48, 1960/61, 1963/64, 1966/67, 1977/78, and 1993/94. 
The least mean seasonal snowfalls with means of less 
than 20 in. (50 cm) occurred in 1912/13, 1918/19, 1936/ 
37, 1972/73, 1988/89, 1990/91, 1991/92, 1994/95, and 
1997/98. The least snowy season occurred in 1994/95, 
with an average of just under 15 in. (37 cm). One re- 
markable result from this analysis is that the snowiest 
and least snowy seasons of the 20th century occurred 
in consecutive years! The winter of 1995/96 had the 
most, while the winter of 1994/95 had the least. A pat- 
tern of increasing interannual variability occurred 
throughout the 1990s and into the early 21st century, 



including two snowy winters (2000/2001 and 2002/ 
2003) surrounded by several very snow-deficient win- 
ters (1997/1998, 1998/1999, 1999/2000, and 2001/ 
2002). Whether this increasing variability is related to 
the potential effects of global warming (i.e., Houghton 
et al. 2001) is beyond the scope of this study. 

A 5-yr running mean was applied to this record to 
help distinguish any dominant trends and is shown in 
Fig. 2-3 (bottom). In this figure, the dominant snowy 
period of the 20th century occurred during the late 1950s 
through the 1960s. Other snowy periods included the 
late 1900s, the middle 1910s through the early 1920s, 
the mid- 1930s, the late 1940s, the late 1970s, and the 
mid-1990s. The dominant snowfall minima occurred in 
the late 1920s and early 1930s, the early 1950s, and the 
late 1980s and early 1990s. 



Snowfall (in) S Snowfall (in) 
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Fig. 2-3. (top) Mean seasonal snowfall for an ensemble of 18 sites during the 20th century, (bottom) The 5-yr running mean seasonal 

snowfall for the same sites as in Fig. 2-2. 
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Northern Area 
Mean Seasonal Snow 




Year 
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Mean Seasonal Snow 
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Fig. 2-4. (a) Mean seasonal snowfall for the northern region composed of seven sites depicted in Fig. 2-2, averaging >40 in. (>100 cm) 
per season, during the 20th century, (b) Mean seasonal snowfall for the central region composed of seven sites depicted in Fig. 2-2, averaging 
20-40 in. (50-100 cm) per season, during the 20th century. 



1) Regional variability 

The 18 sites are subdivided into three areas (Fig. 2- 
2) to help distinguish intraregional variations in seasonal 
snowfall. The northern area is represented by seven sites 



that average greater than 40 in. (100 cm) seasonally and 
include central New England, interior New York, and 
northeastern Pennsylvania (Fig. 2-4a). The central do- 
main is represented by seven sites that average between 
20 and 40 in. (50 and 100 cm) and includes southern 
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Southern Area 
Mean Seasonal Snow 

1900-2000 4 sites < 20" 




Year 

Fig. 2-4. ( Continued ) (c) Mean seasonal snowfall for the southern region composed of four sites depicted in Fig. 2-2, averaging >40 in. 

(<50 cm) per season, during the 20th century. 



New England, eastern Pennsylvania, southeastern New 
York, northern New Jersey, northern Virginia, and 
northern Maryland (Fig. 2-4b). The southern domain is 
represented by four sites that average less than 20 in. 
(50 cm; Fig. 2-4c) and includes eastern Virginia, south- 
eastern Maryland, southern Delaware, and southern 
New Jersey. 

The 100-yr mean snowfall for the three regions are 
as follows. In the northern domain, the mean snowfall 
is 54.2 in. (137 cm), while the middle region’s mean is 
24.7 in. (63 cm) and the southern domain’s mean is 13.6 
in. (35 cm). Distinct maxima and minima characterize 
all three records, but the middle and southern domains 
present a more “spiky” appearance, due to the influence 
of fewer snowfall events overall, which can dominate 
the snowfall record. 

The variations in all three regions show some similar 
patterns to each other, such as the tendency toward 
snowy winters in the middle 1930s, the late 1940s, the 
late 1950s through the 1960s, and the century maximum 
during 1995/96, as well as some of the snow droughts. 
However, some intraregional differences complicate an 
examination of 18 sites across a domain that extends 
from Virginia to Maine. Note that the interannual var- 
iability increases from north to south since warmer tem- 
peratures in the southern region can preclude much 
snowfall in some seasons from those in which colder 
temperatures may permit more snowfall. For example, 
many snow events across New England might only be 
liquid events over the middle and southern domains. 
The winters of 1970/71 and 1993/94 are two seasons 



that saw excessive snowfall across New England but 
only rain or ice across portions of the middle and south- 
ern regions. In another example, a relatively snowy win- 
ter across the southern domain may be due to a few 
snow events whose influence did not extend into the 
more northern domains. Such was the case during the 
winters of 1978/79 and 1979/80, when the primary 
storm track was suppressed far enough south that Vir- 
ginia and Maryland received heavy snows while the 
more northern domains experienced relatively modest 
amounts. 

2) Contribution of moderate and heavy 

SNOW EVENTS TO SEASONAL SNOWFALL TOTALS 

In this section, the focus shifts from a review of sea- 
sonal snowfall to an assessment of the snowfall events 
that contribute to snowy winters. Beginning primarily 
in October-December and ending in March-May for 
most areas in the urban Northeast, each winter season 
is composed of a highly variable number of snowfall 
events, which can be “moderate” (defined here as more 
than 4 in. or 10 cm) or “heavy” (defined here as more 
than 10 in. or 25 cm). 

To present a more general climatology of the coastal 
region between Virginia and Maine, 21 regions (Fig. 2- 
5) are selected to catalog the monthly and seasonal dis- 
tributions of moderate and heavy snow events for the 
winter seasons of 1949/50-1998/99. 3 



3 These regions are based on subdivisions found in Climatological 
Data, the monthly publication used to obtain the snowfall reports. 
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Fig. 2-5. Locations of 21 regions selected to catalog the monthly and seasonal distributions 
of heavy snow occurrences described in chapter 2. 



Table 2-2. Total number of snowfall events exceeding 10 and 25 cm (by region) for the winter seasons 1949/50-1998/99, including the 
seasonal average of 10-cm events and the average time interval in years between 25 -cm events [in parentheses are similar values for the 
period 1954/55-1984/85; see Kocin and Uccellini (1990)]. 



Region 

No. 


Location 


Total No. 
of events 
> 10 cm 


Seasonal 

avg 


Total No. 
of events 
> 25 cm 


Avg time 
interval (yr) 
between 
25-cm events 


1 


Coastal ME 


312(203) 


6.2 (6.8) 


51(34) 


1.0 (0.8) 


2 


S NE 


338 (216) 


6.7 (7.2) 


59 (41) 


0.8 (0.7) 


3 


S VT 


334 (220) 


6.6 (7.3) 


63 (41) 


0.8 (0.7) 


4 


W MA, NW CT 


296 (194) 


5.9 (6.5) 


60 (38) 


0.8 (0.8) 


5 


Central MA 


228 (148) 


4.5 (4.9) 


57 (38) 


0.9 (0.8) 


6 


E MA, N RI 


197 (125) 


3.9 (4.2) 


47 (31) 


1.1 (1.0) 


7 


SE MA, S RI 


122 (79) 


2.4 (2.6) 


30(18) 


1.7 (1.7) 


8 


Central CT 


159 (103) 


3.1 (3.4) 


26(19) 


1.9 (1.6) 


9 


E NY 


246 (160) 


4.9 (5.3) 


52 (33) 


1.0 (0.9) 


10 


SE NY 


178 (109) 


3.5 (3.6) 


33 (24) 


1.5 (1.3) 


11 


NYC, Long Island, and S CT 


116(75) 


2.3 (2.5) 


18 (15) 


2.8 (2.0) 


12 


N NJ 


126 (83) 


2.5 (2.8) 


24(18) 


2.1 (1.7) 


13 


S NJ 


71(51) 


1.4 (1.7) 


15(11) 


3.3 (2.7) 


14 


NE PA 


160 (100) 


3.2 (3.3) 


35 (23) 


1.4 (1.3) 


15 


SE PA 


106 (72) 


2.1 (2.4) 


23 (16) 


2.2 (1.9) 


16 


Central MD 


99 (67) 


2.0 (2.2) 


16(11) 


3.1 (2.7) 


17 


SE MD 


71 (49) 


1.4 (1.6) 


10(6) 


5.0 (5.0) 


18 


DE 


74 (50) 


1.4 (1.7) 


13(7) 


3.8 (4.3) 


19 


N VA 


98 (63) 


1.9 (2.1) 


21 (17) 


2.3 (2.0) 


20 


East-central VA 


78 (53) 


1.6 (1.8) 


11(7) 


4.5 (4.3) 


21 


SE VA 


39 (29) 


0.8 (1.0) 


4(3) 


12.5 (10.0) 
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50-year TOTAL NUMBER OF 10-CM EVENTS BY MONTH 

(1949/50-1998/99) 



OCTO. 








Fig. 2-6 The 50-yr total number of snowfall events exceeding 10 cm (by region and month) for the winter seasons 

between 1949/50 and 1998/99. 



An occurrence of moderate or heavy snowfall is noted 
for each region in Fig. 2-5 whenever it was determined 
that at least half the area received snow amounts in 
excess of the threshold values. The following two sec- 
tions define the temporal and spatial distributions of 
moderate to heavy snow events within the Northeast 
region. 

(i) Moderate snow events 

During a 50- season period from 1949/50 through 
1998/99, the number of storms that have produced 



snowfall accumulations exceeding 4 in. (10 cm) (Fig. 
2-6; Table 2-2) ranges from 39 in southeastern Virginia, 
an average of less than one event per season, to more 
than 300 in sections of central New England, an average 
of over 6 events per season. Within the most densely 
populated regions of the Northeast urban corridor from 
northern Virginia to southern New England, 4 approxi- 
mately 70-120 events have occurred, averaging from 
1.5 to 2.5 occurrences per season. Farther north and 



4 An area comprising regions 7, 11, 12 13, 15, 16, 17, and 19. 
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inland, 5 the number of moderate and heavy snow events 
increases from approximately 150 to 290 across north- 
eastern Pennsylvania, eastern New York, Connecticut, 
and Massachusetts, averaging 3-6 per season. Over 
coastal Maine, southern Vermont, and New Hampshire 
(regions 1-3), the number of events exceeds 310, av- 
eraging about 6 or 7 events per season. 

Storms capable of producing snowfall in excess of 4 
in. (10 cm) typically occur during December, January, 
February, and March (Fig. 2-6). In October, only 2 of 
the 21 regions shown in Fig. 2-5 have experienced a 
general snowfall exceeding 10 cm during the second 
half of the 20th century. 6 Accumulations of 10 cm or 
greater have also been observed in isolated areas of the 
more heavily populated Northeast urban corridor as ear- 
ly as 10 October (1979) (see volume II, chapter 12). In 
November, episodes of general snowfall exceeding 10 
cm occur sporadically, with a frequency as great as once 
every 3-4 yr over inland sections of southern and central 
New England. Significant early and late season snow- 
storms are discussed in chapter 12 of volume II. 

By December, all regions can experience snow events 
exceeding 10 cm. The far northern sections of the do- 
main receive moderate events with nearly equal likeli- 
hood in any of the months from December through 
March although there is a slightly greater tendency in 
January. Across extreme southern New England and 
much of the coastal region of the middle Atlantic states, 
the frequency of moderate to heavy snowfalls reaches 
a peak in January and February. From Virginia to south- 
ern New England, the frequency of moderate to heavy 
snow events diminishes in March, although there is a 
slightly greater tendency in the northern domain for 
snowstorms to occur in December than in March. Con- 
versely, there is a slightly greater tendency over the 
middle domain for snowstorms to occur in March than 
in December. In all areas, the incidence of winter- type 
storms declines quickly after March. 7 Other less wide- 
spread occurrences have occurred in hilly terrain or in 
northern New England as late as late May, and even 
into June. Only the highest peaks have seen snow in 
July and August. 

In summary, there is a general increase in the number 
of events characterized by moderate snowfalls as one 
moves northeastward along the urban corridor with a 
significant increase in the rate of change as one moves 
from southeastern New York into New England (Fig. 
2-7, top). In general, the mean number of 10-cm events 



5 An area comprising regions 4, 5, 6, 8, 9, 10, and 14. 

6 These two regions, one in eastern New York and the other in 
western Massachusetts, experienced a uniform moderate snowfall on 
3-4 October 1987 (see volume II, chapter 12), which is especially 
unusual since it not only occurred in October but also during the first 
few days of the month (see Bosart and Sanders 1991). 

7 An unusually heavy snowfall was observed over portions of in- 
terior New York State and southern New England on 9 May 1977, 
one of the latest such occurrences in the sample (see volume II, 
chapter 12). 





Fig. 2-7. (top) Mean number of greater than 4-in. (10 cm) snowfall 
events per season for each of 21 regions, (bottom) Mean number of 
years between 10-in. (25 cm) snowfall events for each of 21 regions. 



increases from an average of fewer than one event per 
season over the Tidewater region of Virginia, to 1.5- 
2.5 events from the Washington to New York corridor, 
to about 3-4 events in the Boston area, and to 6-7 events 
in interior New York and New England. 
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50-ycar TOTAL NUMBER OF 25-CM EVENTS BY MONTH 
(1949/50-1998/99) 





Fig. 2-8. The 50-yr total number of snowfall events exceeding 25 cm (by region and month) for the winter seasons 

between 1949/50 and 1998/99. 



(ii) Heavy snow events 

In contrast to the seasonal occurrence of moderate 
snow events, storms that deposit 10 in. (25 cm) or more 
are relatively rare events (Fig. 2-7, bottom). Only 4 such 
storms have occurred over the 50-yr period in south- 
eastern Virginia, an average of only 1 every 12 years, 
with 10-16 events over the coastal regions from Vir- 
ginia to southern New Jersey (Table 2-2), approximately 
1 every 3-6 yr. The heavily populated urban corridor 
from northern Virginia through extreme southern New 



England experienced 16-30 major snowfalls, approxi- 
mately 1 every 2-3 yr. These are relatively infrequent 
events that appear to maintain a uniform distribution 
along a southwest-to-northeast axis from Washington, 
D.C., to New York City and Long Island. The inland 
areas of northeastern Pennsylvania, eastern New York, 
and southern New England received 33-57 heavy 
snows, approximately 1 every 1-2 yr, while 51-63 
events were noted across northern New England, from 
near to slightly greater than 1 every year, occurring with 
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Fig. 2-9. Seasonal snowfall for (a) 1871-1999, for Boston; (b) 1869-1999, for New York City; and 
(c) 1884-1999, for Philadelphia. 
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Fig. 2-9. ( Continued ) (d) 1885-1999, for Baltimore; and (e) 1885-1999, for Washington. 



a regularity that is no surprise to residents of the interior 
Northeast and New Englanders. 

These major snowstorms typically occur from De- 
cember through March (Fig. 2-8), with very few events 
in November or April. For much of southern New Eng- 
land and the middle Atlantic states, the frequency of 
storms with snowfall exceeding 10 in. (25 cm) shows 
a significant maximum during February. This contrasts 
with the nearly equal likelihood of 4-in. (10 cm) 
amounts in January and February (Fig. 2-10). Thus, the 
numbers shown in Fig. 2-8 support the notion that Feb- 
ruary is the “big month” for the “big snow” along the 
Northeast coast, at least during the 50-yr period ending 
with the winter season of 1998/99. 



3) Snowfall for Boston, New York, 

Philadelphia, Baltimore, and Washington, 
D.C 

In the five largest cities of the Northeast urban cor- 
ridor, snowfall records have been kept for more than a 
century (Figures 2-9a-e; also see chapter 9). To help 
assess any trends in seasonal snowfall and illustrate the 
year-to-year variability that characterizes seasonal 
snowfall, 30-yr (1971-2000) means are compared to 
means computed over several other intervals (Table 2- 
3) during the history of record for each city. 

In Boston, Massachusetts, seasonal snowfall has var- 
ied from a minimum of 9 in. (23 cm; 1936/37) to a 
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Table 2-3. Seasonal snowfall means (in.) for selected time in- 
tervals for Boston, New York, Philadelphia, Baltimore, and Wash- 
ington. 



Time 

intervals 


Boston 


New York 


Phila- 

delphia 


Baltimore 


Washing- 
ton D.C. 


1870-1999 


42.5 


28.6 


21.7 


21.2 


18.2 


1900-99 


41.3 


27.0 


21.9 


20.5 


19.1 


1870-99 


47.8 


33.6 


22.8 


25.3 


24.7 


1900-49 


40.6 


29.2 


21.8 


22.2 


19.5 


1950-99 


42.0 


24.7 


21.7 


18.6 


16.9 


1971-2000 


41.6 


22.0 


20.0 


18.0 


14.7 


Max 


107.6 


75.6 


63.1 


62.5 


54.9 




(1995/96 


(1995/96) 


(1995/96) 


(1995/96) 


(1898/99) 


Min 


9.0 


2.8 


T 


1.2 


0.1 




(1936/37) 


(1972/73) 


(1972/73) 


(1972/73) 


(1972/73, 

1997/98) 



maximum of 107.6 in. (273 cm) during the record winter 
of 1995/96. The 30-yr mean (1971-2000) of 41.6 in. 
(106 cm) is comparable to 50-yr averages computed 
both for the first and for the last half of the 20th century 
but is 6 in. (13 cm) less than averages computed during 
the last 30 yr of the 19th century (Table 2-3). 

In New York, New York, seasonal snowfall has varied 
from 2.8 in. (7 cm; 1972/73) to 75.6 in. (192 cm; 1995/ 
96). For the 1 30-yr period from 1870 to the end of the 
20th century, significant changes are observed in the 
snowfall record. The most recent 30-yr average shows 
a mean of 22.0 in. (56 cm), which is less than the 50- 
yr mean for the last half of the 20th century and is 7 
in. (18 cm) less than the 50-yr average over the first 
half of the 20th century and greater than 1 1 in. (28 cm) 
less than averages computed during the last 30 yr of the 
19th century. Therefore, seasonal snowfall appears to 
have decreased significantly in New York City within 
the last 50 yr. 

In Philadelphia, Pennsylvania, mean seasonal snow- 
fall appears to have remained relatively constant since 
records were started in the winter of 1884/85 with an 
average of 20-23 in. (50-58 cm), including a 30-yr 
(1971-2000) mean of 20.0 in. (51 cm), showing a de- 
cline during this period. 

In Baltimore, Maryland, the 1971-2000 average is 
18.0 in. (46 cm), less than the first half of the 20th 
century (22.2 in.; 57 cm), but significantly less than the 
mean during the late 19th century (25.3 in.; 64 cm). 

The snowfall records for Washington, D.C., appear 
to show some of the same tendencies as of those from 
New York City with a sharp decrease in seasonal snow- 
fall during the last half of the 20th century. In Wash- 
ington, the 1971-2000 average is 14.7 in. (37 cm), while 
the means during the late 19th and first half of the 20th 
century are 24.7 and 19.5 in. (63 and 50 cm), respec- 
tively. 

In Boston, New York, Philadelphia, Baltimore, and 
Washington, an examination of mean seasonal snowfall 
during each decade of the 20th century (Table 2-4, bot- 
tom) shows that, in general, seasonal snowfall during 



Table 2-4. Mean seasonal snowfall (in.) by decade. Minima and 
maxima are italicized. 



Decade 

intervals 


Boston 


New York 


Phila- 

delphia 


Baltimore 


Washing- 
ton D.C. 


1870-79 


45.4 


32.3 


— 


— 


— 


1880-89 


45.0 


32.7 


21.8 


26.6 


22.7 


1890-99 


52.6 


35.8 


23.8 


24.6 


25.7 


1900-09 


39.8 


28.9 


25.3 


25.0 


23.5 


1910-19 


39.1 


30.6 


27.6 


21.2 


20.9 


1920-29 


43.2 


29.5 


17.5 


19.6 


17.2 


1930-39 


37.0 


24.4 


17.5 


22.8 


18.5 


1940-49 


43.9 


32.8 


21.1 


23.0 


17.5 


1950-59 


37.1 


20.2 


15.2 


14.7 


12.8 


1960-69 


49.4 


32.0 


29.1 


32.2 


24.8 


1970-79 


44.6 


22.5 


21.7 


17.8 


13.6 


1980-89 


32.8 


19.9 


20.4 


18.5 


17.1 


1990-99 


49.7 


24.4 


18.3 


17.7 


12.9 



the late 19th century was greater than current 30-yr 
means by as much as 50%. In New York City, Baltimore, 
and Washington, the first half of the 20th century has 
experienced greater average seasonal snowfall than the 
second half, while Philadelphia and Boston’s means 
have remained nearly the same or dropped in the late 
20th century. 

(i) Prior to 1950 

As discussed above, the period from the late 1880s 
through the middle 1920s experienced greater than 
“normal” snowfall compared to the 30-yr means con- 
structed during the late 20th century. For example, more 
than 50% to nearly 75% of the winters in the five cities 
experienced above “current normal” snowfall (Boston, 
21 winters; New York, 30; Philadelphia, 27; Baltimore, 
29; and Washington, 29) during 40 winters between 
1884/85 and 1923/24 (see chapter 9). 8 

Following this relatively long and extended snowy 
period (which still had its share of relatively snow-free 
winters), much of the late 1920s and 1930s was char- 
acterized by subnormal snowfall. In particular, nearly 
all winters between 1923/24 and 1931/32 exhibited be- 
low normal snowfall, especially in Philadelphia, Bal- 
timore, and Washington. Even though this period was 
relatively snow free, a few significant snowstorms did 
occur. The late 1920s and the early 1930s exhibit some 
of the lowest seasonal totals for any 5-yr period this 
century with New York City averaging less than 12 in. 
(30 cm) and Philadelphia only averaging a little over 9 
in. (23 cm). Midway through the 1930s, seasonal snow- 
fall increased throughout much of the region with the 
winters of 1933/34 and 1934/35 exhibiting above nor- 



8 During this snowy period, some great historic storms occurred, 
most notably the March 1888 “Blizzard of ’88,” the cold wave and 
blizzard of February 1899, and the January 1922 “Knickerbocker 
Storm” (see volume II, chapter 9). 
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mal amounts 9 . The late 1930s through the 1940s ex- 
perienced subnormal snowfall, especially from New Jer- 
sey southward. However, the late 1940s saw a return to 
above normal snowfall in New York and Boston, high- 
lighted by New York City’s “big snow” of December 
1947 (volume II, chapter 9). 

(ii) 1950-2000 

During the second half of the 20th century, subnormal 
snowfall was common across the region early in the 
period. The winters of 1949/50-1954/55 saw a snow 
drought across the entire region. During this period, 
seasonal means were only 30 in. (75 cm) in Boston, 14 
in. (35 cm) in New York, 12 in. (30 cm) in Philadelphia, 
11 in. (28 cm) in Baltimore, and 9 in. (23 cm) in Wash- 
ington. In Philadelphia, Baltimore, and Washington, the 
decade of the 1950s was the least snowy this century 
(Table 2-4). The 1950s first snowy regime did not occur 
until March 1956, when a succession of late season 
snowstorms occurred. The most memorable winter of 
the 1950s occurred during 1957/58 when many snow- 
storms occurred throughout the winter and made it one 
of the most severe during the late 20th century for much 
of the region. 

The late 1950s through the 1960s were characterized 
by especially severe winters, possibly the longest spate 
of severe winters since the 1890s, which were marked 
by several memorable snowstorms. The decade of the 
1960s was the snowiest of the century for all cities 
except New York City. In particular, the winters of 1959/ 
60, 1960/61, 1963/64, 1965/66, 1966/67, and 1968/69 
were all major snow-producing seasons. Over a 10- sea- 
son period between 1957/58 and 1966/67, Boston av- 
eraged 51 in. (130 cm), New York 33 in. (84 cm), Phil- 
adelphia 30 in. (76 cm), Baltimore 33 in. (84 cm), and 
Washington 27 in. (69 cm). These figures are 25% to 
nearly double current 30-yr means. Many of the major 
snowstorms described in the following two chapters and 
in volume II occurred during this period. Following the 
winter of 1968/69, New England continued to experi- 
ence significant snowfall through the winter of 1971/ 
72. However, much of the rest of the Northeast urban 
corridor experienced a snowfall drought during the early 
and middle 1970s with few major storms occurring until 
the winter of 1977/78. During this lull, the winter of 
1972/73 was remarkably free of snow in the major met- 
ropolitan areas, with seasonal totals ranging from a trace 
at Philadelphia to 10 in. (25 cm) at Boston. New En- 
gland continued to experience some major snow events 
but New York, Philadelphia, Baltimore, and Washington 
each only averaged between 10 and 17 in. (25 and 43 
cm) per season between 1970/71 and 1976/77. This 
snow drought ended with a return to cold conditions 



9 This period was marked by some of the coldest winter weather 
of the 20th century, in December 1933 and February 1934, and some 
significant snowstorms, particularly during February 1934. 



during the winter of 1976/77, but much of the snow fell 
mainly in northern domains. By the late 1970s, cold and 
heavy snows returned to much of the region, especially 
during the winter of 1977/78, which rivaled any during 
the late 1950s or 1960s. January and February 1978 saw 
several major snowstorms and the 1970s ended with the 
stormy winter of 1978/79. 

The winters of the 1980s into the early 1990s were 
generally mild with few snowstorms. This period is one 
of the least snowy and most protracted of the 20th cen- 
tury. For example, seasonal snowfall averaged only 31 
in. (78 cm) in Boston, 18 in. (45 cm) in New York, 16 
in. (40 cm) in Philadelphia, 15 in. (38 cm) in Baltimore, 
and 14 in. (35 cm) in Washington from 1983/84 through 
1991/1992, approximately 75%-90% of normal. There 
were, however, some notable exceptions during this long 
period of mild, snow-depressed winters. The early half 
of the 1980s saw some of the coldest winter outbreaks 
of the last half of the 20th century, especially in January 
1982, December 1983, and January 1985, but major 
snowstorms did not occur in conjunction with these out- 
breaks. One particularly crippling snowstorm occurred 
in February 1983 and a series of snowstorms affected 
the Northeast throughout the winter of 1986/87. Despite 
these active seasons, the 1980s were the least snowy 
decade of the century in New York City and Boston 
(Table 2-4). Following this period, few snowstorms of 
any consequence occurred from the late 1980s to the 
early 1990s. 

The snow drought of the 1980s and early 1990s ended 
abruptly with the winter of 1992/93, when a series of 
major snowstorms began to affect much of the region 
from Pennsylvania and New York into New England. 
This winter was highlighted by a major interior snow- 
storm in December 1992 and the March 1993 “Super- 
storm.” The 12-14 March 1993 Superstorm produced 
the most widespread distribution of heavy snowfall over 
the eastern United States this century (Kocin et al. 
1995). During the following winter of 1993/94, record 
snowfall again occurred across many portions of the 
Northeast with numerous snowstorms from Pennsyl- 
vania and New York into New England and many freez- 
ing rain and ice pellet events in the middle Atlantic 
states. 

Following the quiet winter of 1994/95, the winter of 
1995/96 will probably be remembered as the snowiest 
of the 20th century for much of the region between 
Virginia and Massachusetts. New seasonal snowfall rec- 
ords were set in Boston, New York, Philadelphia, Bal- 
timore, and many other locations with snowfall ex- 
ceeding 2-4 times the normal seasonal totals. In some 
cases, new seasonal records far exceeded the old stan- 
dards. For example, Boston reported 107.6 in. (273 cm), 
breaking the modern record of 96.3 in. (245 cm) set in 
1993/94 and the historical record of 96.4 in. (245 cm) 
in 1873/74. Providence, Rhode Island, measured 106.1 
in. (269 cm); the previous record was 75.6 in. (192 cm) 
during 1947/48. Hartford, Connecticut, measured 115.2 
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Fig. 2-10. Total number of moderate (>4 in.; 10 cm) and heavy (> 10 in.; 25 cm) snowfall events (by 
city) for the winter seasons 1949/50-1998/99 in Boston, New York City, Philadelphia, Baltimore, and 
Washington. Data were obtained from the following locations: Boston (Logan International Airport), New 
York City (Central Park), Baltimore (Baltimore-Washington International Airport), and Washington (National 
Airport). 




in. (293 cm); the previous record was 84.9 in. in 1993/ 
94. New York City’s Central Park recorded 75.6 in. (192 
cm), while the previous record was 63.2 in. in 1947/48; 
Newark, New Jersey measured 78.4 in. (199 cm), the 
most seasonal snow there since record keeping began 
in 1843. 

Following the record- setting winter of 1995/96, sea- 
sonal snowfall again reverted to significantly subnormal 
conditions to finish out the century (see tables in the 
appendix), highlighted by the winter of 1997/98, one of 
the least snowiest this century (Table 2-1). As the 21st 
century began, extreme interannual variability contin- 
ued. For example, Baltimore experienced its third least 
snowy winter (since 1883/84) with 2.3 in. (6 cm) in 
2001/02 while experiencing its second snowiest winter 
the following season with 58.1 in. (148 cm) in 2002/ 
03. In general, low seasonal snowfall totals occurred in 
1998/99, 1999/2000 (except for a 2- week period in Jan- 
uary 2000), and 2001/02 (one of the five least snowy 
winters in Boston, New York, Philadelphia, Baltimore, 
and Washington). High seasonal snowfall totals oc- 
curred in the northern half of the Northeast in the winter 
of 2000/01 and across the entire domain during the win- 
ter of 2002/03. 

4) Contribution of moderate and heavy 

SNOW EVENTS TO SEASONAL SNOWFALL 

An analysis of the snowfall records shows that a sig- 
nificant portion of the seasonal snowfall record in the 
five largest cities in the Northeast is composed of mod- 



erate [greater than 4 in. (10 cm)] and heavy snowfall 
events [greater than 10 in. (25 cm)] (Fig. 2-10). The 
monthly distributions of moderate and heavy snow 
events from 1950 through the turn of the century are 
also summarized in Fig. 2-11. The monthly and 50-yr 
totals are presented for Boston, New York, Philadelphia, 
Baltimore, and Washington, to provide additional back- 
ground on the distribution and frequency of moderate 
and heavy snow events in this region. 

During the 50-yr sampling period, the total number 
of moderate events that yielded 4-in. (10 cm) amounts 
or greater ranged from 65 at Washington to 95 in New 
York City and 158 in Boston. Based on these numbers, 
the cities of Boston, New York, Philadelphia, Baltimore, 
and Washington have averaged about 3, 2, 1.6, 1.6, and 
1.2 10-cm snowfalls, respectively, per season during the 
last half of the 20th century. January and February ac- 
count for the majority of these occurrences with slightly 
greater numbers of events in February in Washington, 
Baltimore, Philadelphia, and New York. The months of 
December, January, February, and March account for 
nearly all of the events for each city. 

Over the last half of the 20th century, the total number 
of events that produced 10-in. (25 cm) or greater ac- 
cumulations ranged from 11 at Washington to 14 at 
Baltimore, 13 at Philadelphia, 18 at New York City’s 
Central Park, and 35 at Boston. 10 February displays the 



10 With additional storms from 2000 to 2003, the numbers stand at 
13 at Washington, 16 at Baltimore, 14 at Philadelphia, 21 at New 
York, and 38 at Boston. 
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Fig. 2-11. (top) Monthly distribution of snowfall events greater than 4 in. (10 cm) (by city) for the winter seasons 1949/50-1998/99 in 
Boston, New York City, Philadelphia, Baltimore, and Washington, (bottom) Monthly distribution of snowfall events greater than 10 in. (25 
cm) (by city) for the winter seasons 1949/50-1998/99 in Boston, New York City, Philadelphia, Baltimore, and Washington. 
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greatest frequency of heavy snow events in every city. 
The frequency of 10- and 25 -cm snow accumulations 
exhibits only small variations between Washington, Bal- 
timore, Philadelphia, and New York. Washington re- 
corded marginally fewer events and New York slightly 
more than the other cities. In contrast, Boston had a 
50%-100% greater incidence of 10-cm snows and two 
to three times the number of 25 -cm events than the other 
cities. Such a substantial difference indicates that Bos- 
ton has a significantly greater potential for heavy snow- 
storms than any of the other major cities of the Northeast 
urban corridor. 

All snowfall events exceeding 10 in. (25 cm) for each 
of the major cities are listed in the appendix. Boston 
has recorded 72 events over a 130-yr period, an average 
of approximately of one storm every 1.5-2 seasons, 
followed by New York, with 53 events at Central Park 
over 133 yr, an average of about one storm every 2.5 
seasons. Philadelphia, Baltimore, and Washington all 
report similar numbers of storms with 27, 32, and 27 
events over 117, 118, and 118 yr, respectively, or ap- 
proximately one storm every 4-5 seasons. 

These large storms, however, are not distributed even- 
ly. For example, Boston averaged one 10-in. (25 cm) 
storm every 1.5-2 yr. Yet, during the 10-yr period be- 
tween February 1983 and March 1993, only one 10-in. 
storm occurred. In contrast, four such storms occurred 
in Boston during the winter of 1995/96. Meanwhile, 
Boston had recorded no 20-in. (50 cm) events in nearly 
100 yr prior to 1969 but experienced five events in the 
past 34 yr. Two of those storms occurred during one 2- 
week period in early 1978. 

There are other examples of snowstorm “clusters.” 
In chapter 9, volume II, several of the historical ex- 
amples, including the “great snow” of 1717 and the 
periods 28 December 1779-7 January 1780 and 4-10 
December 1786, were instances of major snowstorms 
occurring in clusters. More recently, during the winter 
of 1957/58, significant snowstorms occurred throughout 
the winter. During the winter of 1960/61, three great 
snowstorms occurred across much of the urban North- 
east, one on 11-12 December, the “Kennedy Inaugural 
Storm” of 19-20 January, and the final storm on 2-4 
February 1961. 

Sometimes, the storms occur in quick succession. 
During January 1966, three storms occurred in succes- 
sion within a period of 1 week at the end of the month 
culminating in the “Blizzard of ’66” that crippled a 
large area from Virginia to north-central New York (see 
chapter 10, volume II). In November 1968, three suc- 
cessive storms missed the urban corridor but dumped 
copious snow on interior sections of the Northeast. In 
January 1978, three storms in succession began with a 
significant ice storm on 13-14 January, an interior 
snowstorm on 16-17 January, and a major snowstorm 
on 19-21 January. In Washington, 10 yr could easily 
pass between consecutive 10-in. snowstorms (see the 
appendix). However, during the calendar year 1987, four 



storms produced 10 in. or greater within the metropol- 
itan Washington area. 

Therefore, major snowstorms in the Northeast cor- 
ridor may average one every 2-4 or 5 yr, but the his- 
torical record shows that these storms tend to occur in 
clusters. Many years may pass without an occurrence 
of a major storm. Yet, during some years, the storms 
seem to occur frequently, occasionally two or more in 
one season. These clusters of heavy snow events lend 
supporting evidence to the episodic nature of major 
Northeast snowstorms, as is discussed in section 2d. 

5) Periodic character of seasonal snowfall 

VARIABILITY 

The highly variable nature of the seasonal snowfall 
in the Northeast United States’ five major metropolitan 
areas described above begs a question. Do the snowfall 
records exhibit any periodic behavior? To answer that 
question, a spectrum analysis is applied to the seasonal 
snowfall data to separate the variance of the data in a 
time series into contributions arising from oscillations 
occurring over different periods. Information about the 
periodicity of the data is obtained when autocorrelation 
values are calculated for various time intervals, or lag 
times. For a given lag time, starting at an arbitrary year, 
if all of the data values scattered through the time series 
separated by that interval tend to be either all near nor- 
mal (the mean), all above normal, or all below normal, 
then the autocorrelation values for that interval will be 
high. 

This calculation is carried out for many different in- 
tervals ranging from 0 to 40 yr These intervals were 
chosen for series of seasonal snowfall records that 
ranged generally between 80 and 130 yr. Only the in- 
tervals of 20 yr or less are shown for Boston, New York, 
Philadelphia, Baltimore, and Washington in Fig. 2-12. 
Each lag is applied starting from the first point in the 
time series continuing all the way to the latest point. To 
simplify the interpretation of results, the autocorrelation 
values are divided by the total variance of the time series 
so that a normalized spectrum is generated. Therefore, 
the height of each bar in a histogram depicting the spec- 
trum is proportional to the percentage of the variance 
contributed by that particular period of oscillation. 

Computing the smoothed spectrum in this way ef- 
fectively eliminates the occurrence of peaks that are not 
representative of the behavior of the time series of which 
the data constitute a sample. This is because peaks (or 
valleys) in an unsmoothed spectrum are not significant 
unless surrounded by high (or low) values. Thus, the 
percentage is implied not by the height of the histogram 
column at the peak in the smoothed spectrum, but rather 
by the sum of it and the neighboring columns that rise 
to form the peak. 

While the spectral analyses for the major metropolitan 
areas are far from conclusive since the lengths of the 
seasonal snowfall records are fairly short (only about 
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Fig. 2-12. Normalized spectral analyses of seasonal snowfall data computed for the complete snowfall records 
at Boston, New York, Philadelphia, Baltimore, and Washington. Autocorrelation values are shown only for intervals, 
or lag times, of 20 yr or less. Peaks in the spectrum represent percentages of the total variance over the time intervals 
they cover. 



100-130 yr), and yield relatively weak signatures sup- 
porting a periodic behavior, the time series analyses of 
the five cities support the idea that seasonal snowfall 
appears to have nonrandom fluctuations on time scales 
of 5-7 and 8-12 yr. The 5-7-yr signal is most clearly 



apparent in all but New York City’s time series (Fig. 2- 
12). Using Boston as an example, the 5-7-yr period, 
constituting less than 2% of the 127-yr record, contained 
approximately 20% of the variance in the data. This 
nonrandom behavior indicates that there may be climatic 
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factors related to the evolution of the large-scale cir- 
culation regimes operating on these time scales that may 
influence these values (Livezey and Smith 1999). These 
controls will be examined in the next section. 

b. Possible contributing factors to seasonal snowfall 

variations 

Spectral analyses of time series of seasonal snowfall 
in the previous section revealed fluctuations in the sea- 
sonal snowfall records on the order of 5-7 and 8-12 yr. 
These nonrandom fluctuations indicate that “circulation 
anomalies” (Livezey and Smith 1999) related to the 
Southern Oscillation (SO or El Nino or ENSO) and the 
North Atlantic Oscillation (NAO), and may play a role 
in contributing toward seasonal snowfall variations. 

1) The Southern Oscillation 

The Southern Oscillation (SO; Walker and Bliss 1932; 
Trenberth 1976, 1997) is a well-defined climatic per- 
turbation that has potential effects on the weather pattern 
of the North American continent, a pattern that could 
contribute to snowstorms. The SO refers to sea level 
pressure anomalies that develop between the Indian 
Ocean-western Tropical Pacific and the east-central 
tropical Pacific (i.e., Bjerknes 1969; Halpert and Bell 
1997; Bell and Halpert 1998). The sea level pressure 
anomalies are related to the abnormal warming and cool- 
ing of the equatorial Pacific waters, termed El Nino for 
warming and La Nina for cooling episodes. During El 
Nino episodes, an increase in horizontal pressure vari- 
ations across the Pacific affects atmospheric circulation 
features such as the jet stream over the Pacific Ocean. 
During a warm El Nino episode, the jet stream over the 
Pacific is stronger than normal; while in a cool La Nina 
event, the jet stream is weaker than normal, affecting 
the subsequent development and movement of extra- 
tropical cyclones that influence the United States. The 
El Nino/La Nina represents a strongly coupled ocean- 
atmosphere interaction and is the dominant mode of 
climate variability in the global Tropics (Halpert and 
Bell 1997). 

In a typical El Nino episode, the enhanced jet stream 
over the eastern Pacific tends to bring relatively warm 
air into the western and northern portions of North 
America while increased storminess is also noted across 
the southern United States. In a typical La Nina episode, 
storminess is inhibited over the North Pacific allowing 
cold air to develop over northwestern Canada that often 
spills southward into the northwestern and north-central 
United States. This circulation anomaly favors upper- 
level ridging, warming, and drying conditions over the 
southeastern United States (see Ropelewski and Halpert, 
1986, 1987, 1989, 1996; Halpert and Ropelewski 1992). 
Shapiro et al. (2000) establish a link between El Nino 
and La Nina with the intensity and location of the North 
Pacific jet stream. They then relate the subsequent 



downstream trough-ridge systems over the United 
States with a tendency toward negatively tilted troughs 
during El Nino and positively tilted troughs during La 
Nina. Therefore, the El Nino/La Nina signal may have 
a powerful effect on the tracks and intensities of storms 
that affect the United States. 

An SO index has been kept since 1882 with no breaks 
in the record since 1932. One measure of the SO is 
made utilizing the mean sea surface temperature anom- 
alies over the central Pacific (5°N-5°S, 120°-170°W; see 
Trenberth 1997), and is shown for the last half of the 
20th century in Fig. 2-13. Significant El Nino episodes 
have occurred many times over the last half of the 20th 
century. Many of these episodes have been associated 
with increased storminess and above normal winter pre- 
cipitation across the southern and eastern United States. 

Some of these El Nino episodes have been associated 
with increased seasonal snowfall in the Northeast urban 
corridor as well and include the winters of 1957/58, 
1963/64, 1965/66, 1968/69, 1977/78, and 1986/87. 
These associations would be quite compelling if not for 
some significant associations between strong El Nino 
episodes and significant periods of very low seasonal 
snowfall. Two pronounced El Nino seasons are espe- 
cially prominent, the winters of 1972/73 and 1997/98, 
both of which were associated with some of the lowest 
seasonal snowfalls of the century (Table 2-1). It is in- 
teresting to note that during the nearly snow free winter 
of 1972/73, there was an active storm track over the 
eastern United States that resulted in very heavy pre- 
cipitation in November and December, mostly in the 
form of rain. In January and February 1973, the storm 
track remained primarily over the southern United States 
and was associated with above normal snowfall in the 
southeastern United States, including one of the great 
snowstorms of all time in Georgia and South Carolina 
on 9-10 February 1973. During the winter of 1997/98, 
which experienced one of the strongest El Nino events 
of the 20th century, many storms battered the eastern 
United States, but snow only fell north of the Northeast 
urban corridor or in mountainous terrain. Most of these 
storms were associated with relatively mild air. Finally, 
another strong El Nino event in 1982/83 was associated 
with many storms in the eastern United States, resulting 
in a particularly snowy winter season for New England 
(see the seasonal snowfall peak in Fig. 2-4a), but pro- 
duced primarily rain in the Northeast urban corridor. 
However, one storm termed the “Megalopolitan Storm” 
(Sanders and Bosart 1985a; Bosart and Sanders 1986; 
also see chapter 10.11.20, volume II) was one of the 
few events to occur while cold air affected the Northeast 
and produced record snowfall from northern Virginia to 
New England. 

This suggests that the increased storminess attributed 
to El Nino may, on occasion, be associated with en- 
hanced snowfall observed in the Northeast urban cor- 
ridor, and is consistent with a composite study relating 
ENSO with regional snowfall distributions (Smith and 
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Fig. 2-13. A measure of the ENSO (or SO) sea surface temperature anomalies over the 
central Pacific (5°N-5°S, 120°-170°W) for the period 1950-99, derived from the NCEP/CPC. 



O’Brien 2001). However, there may also be little if any 
snow during strong El Nino events, which are so warm 
that the precipitation falls mainly as rain in the Northeast 
urban corridor. Thus, El Nino episodes may be related 
with both excessive seasonal snowfall and minimal sea- 
sonal snowfall. With this in mind, it is important to 
recognize that strong El Nino conditions are not a pre- 
requisite for snowy winters in the northeast United 
States. This is especially apparent since the two snowiest 
winters of the 20th century, 1995/96 and 1966/67, were 
not associated with El Nino conditions. 

The strong La Nina episodes depicted in Fig. 2-13, 



such as 1954-56, 1964/65, 1971/72, 1974-76, 1984/85, 
1988/89, and 1998/99 are mostly associated with rela- 
tively low seasonal snow totals. Given the tendency for 
upper-level ridging, warming, and drying over the 
southeastern United States during La Nina winters, it is 
not surprising to observe mostly seasonal snowfall min- 
ima (cf. with Fig. 2-3). 

2) The North Atlantic Oscillation 

According to Livezey and Smith (1999), three cli- 
matic “signals” strongly influence North American cli- 
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NAO vs Seasonal Snowfall Departures 
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Fig. 2-14. Time series of the winter index of the NAO obtained by subtracting the mean pressure departures in 
Iceland from those over the Azores. Year on the x axis denotes the end of the winter season. Seasonal snowfall 
departures (thin line) from a 50-yr mean 24(1949/50-1998/99) for 18 selected sites in the Northeast urban corridor 
(see Fig. 2-2). 



mate. One of these signals is the interannual variability 
of ENSO. A second signal that operates on interdecadal 
time scales (Hurrell 1995) is the North Atlantic Oscil- 
lation (NAO; see Walker and Bliss 1932; van Loon and 
Rogers 1978; Wallace and Gutzler 1981; Barnston and 
Livezey 1987). The NAO is a measure of pressure 
anomalies across the Atlantic Ocean, measured between 
the Azores and Iceland, that represent circulation chang- 
es over the Atlantic and surrounding land areas. The 
NAO is the dominant mode of variability in the surface 
circulation over the Atlantic (Hurrell 1995). The posi- 
tive phase of the NAO is accompanied by lower pres- 
sures over the Arctic and higher pressures over much 
of the Atlantic, resulting in stronger than normal west- 
erlies over the Atlantic into Europe with southerly flow 
common across the eastern United States, a pattern that 
would allow relatively mild conditions to occur (Hurrell 
1995). The negative mode of the NAO is accompanied 
by an anomalously weak subtropical high and Icelandic 
low, with the Icelandic low displaced to near New- 
foundland or eastern Canada with blocking patterns 
common aloft and polar anticyclones common over the 
eastern Atlantic and Europe. Winters are comparatively 
mild in Greenland and colder in the northeastern United 
States. 

An analysis of the NAO during winter (December- 
March) shows that the positive and negative phases can 
persist for many winters. A time series of the “winter 
index” of the NAO, derived from analyses done at the 
National Centers for Environmental Prediction/Climate 
Prediction Center (NCEP/CPC), is shown in Fig. 2-14. 



According to Hurrell (1995), the NAO index exhibited 
a downward trend from the 1940s through the 1970s, a 
period when European winters were warmer than usual, 
on average. From the 1970s through the 1990s, this 
trend reversed with strong positive values since 1980, 
with the winters of 1982/83, 1988/89, and 1989/90 
marked by the highest values of the NAO index since 
1864. In addition, according to Hurrell, the decadal var- 
iability in the NAO has become especially pronounced 
since 1950. 

The seasonal snowfall for the 18 sites in the Northeast 
urban corridor discussed in section 2a and shown in Fig. 
2-2 can also be described as variations about a mean 
value for the last half of the 20th century, exhibiting 
patterns of maxima and minima. These patterns are com- 
pared with the NAO shown in Fig. 2-14. What is in- 
triguing about the NAO is that the seasonal snow pat- 
terns appear to correlate well with the index, where 
negative values of the NAO correlate with positive val- 
ues of seasonal snowfall anomalies, and vice versa. For 
example, the late 1950s and 1960s show the greatest 
dip in the index, corresponding to the snowiest decade 
of the century for many Northeast locations. Meanwhile 
the 1970s show an upward trend, with a peak in the 
early 1970s, corresponding to one of least snowy winters 
on record, and then a minimum again in the late 1970s, 
corresponding to a period of snowy winters. Note the 
maximum in the early 1980s, a relative minimum in the 
mid-1980s, and a very strong maximum in the late 1980s 
and early 1990s. A dip in the NAO in 1995/96 correlates 
with the snowiest season of the 20th century. 
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Fig. 2-15. Correlation of seasonal snowfall for a composite of 18 sites (see Fig. 2-3) with the 
detrended NAO (see text) for the 50-yr period 1949/50-1998/99. Here, N represents the number 
of cases, A and B are the linear slope and intercept values, and R is the computed correlation. 



To examine the relationship between seasonal snow- 
fall in the Northeast urban corridor and the North At- 
lantic Oscillation, correlation coefficients are computed 
for 18 sites shown in Fig. 2-2 during the winters between 
1949/50 and 1998/99. A correlation coefficient of— 0.57 
is computed for the sample (not shown). Since an up- 
ward trend was detected in the NAO, especially since 
the end of the 1960s, likely reflecting the impact of 
warming during this period (see next section), the trend 
was removed from the computation and the subsequent 
correlation has a value of— 0.64 (Fig. 2-15). This value 
reflects that a significant relationship exists between sea- 
sonal snowfall and the NAO between 1950 and the end 
of the 20th century. 

When the 18 sites are subdivided into the northern, 
central, and southern areas shown in Fig. 2-2, reflecting 
the impact of the NAO on cities with seasonal snowfall 
averaging less than 20 in. (50 cm), from 20 to 40 in. 
(50 to 100 cm), and greater than 40 in. (100 cm), the 
correlations measured— 0.55,— 0.64, and— 0.54, respec- 
tively. This north-to- south division of the relationship 
indicates that the mid- Atlantic region (as defined in Fig. 
2-2) contributes the greatest to the total correlation be- 
tween the NAO and snowfall observed in the Northeast 



urban corridor. Therefore, the impact of the NAO on 
seasonal snowfall appears to be the greatest in the North- 
east corridor experiencing 20-40 in. (50-100 cm) of 
snow, implying that the snow potential in the area in- 
cluding New York City, Philadelphia, Baltimore, Prov- 
idence, and Harrisburg, Pennsylvania, is the most af- 
fected by conditions in the North Atlantic, as measured 
by the NAO index. Since the seasonal snowfall within 
this region is significantly influenced by the occurrence 
of moderate to heavy snowfalls, an important relation- 
ship between the NAO and the occurrence of significant 
snowstorms is indicated. 

While the low-frequency variations in the NAO ap- 
pear to correlate well to the seasonal snowfall record of 
the late 20th century, the relationship is not perfect. 
Some snowy winters are associated with negative sea- 
sonal values of the NAO, such as during the winters of 
1957/58, 1963/64, 1968/69, 1977/78, and 1995/96. 
However, there are a significant number of exceptions, 
including the snowy winters of 1960/61, 1966/67, and 
1993/94, which occurred during periods in which the 
winter index of the NAO was significantly positive. A 
comparison of monthly values of seasonal snowfall de- 
partures with monthly values of the NAO index also 
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Table 2-5. Dates of 30 Northeast snowstorms (see chapters 3 and 4) and 30 “near-miss” storms, including 15 “interior” snowstorms 
and 15 “moderate” snowstorms (see chapter 5). The NAO column shows the sign of the average daily values of the North Atlantic Oscillation 
during the storm dates ( - , 0, and + represent negative values; < - 1 , near zero; - 1 to + 1 , and positive values, > + 1 ). Check marks represent 
the tendency of the NAO to become more positive during the storm period. 



Heavy snow cases 


NAO 


y 


Near-miss cases 


NAO 


y 


18-19 Mar 1956 


- 




16-17 Feb 1952 


- 




14-17 Feb 1958 


- 




16-17 Mar 1956 


- 




18-21 Mar 1958 


- 




12-13 Mar 1959 


+ 




2-5 Mar 1960 


- 




14-15 Feb 1960 


- 




11-13 Dec 1960 


+ 




6-7 Mar 1962 


- 


y 


18-21 Jan 1961 


- 




19-20 Feb 1964 


- 


y 


2-5 Feb 1961 


- 




22-23 Jan 1966 


- 


y 


11-14 Jan 1964 


- 




3-5 Mar 1971 


- 




29-31 Jan 1966 


- 


y 


25-27 Nov 1971 


0 


y 


23-25 Dec 1966 


- 


y 


16-18 Jan 1978 


+ 




5-7 Feb 1967 


- 




28-29 Mar 1984 


- 


y 


8-10 Feb 1969 


- 




1-2 Jan 1987 


- 




22-28 Feb 1969 


- 


y 


10-12 Dec 1992 


- 




25-28 Dec 1969 


- 




3-5 Jan 1994 


+ 




18-20 Feb 1972 


+ 




2-4 Mar 1994 


+ 




19-21 Jan 1978 


+ 




3-5 Dec 1957 


0 


y 


5-7 Feb 1978 


- 




23-25 Dec 1961 


- 


y 


17-19 Feb 1979 


0 


y 


14-15 Feb 1962 


0 




6-7 Apr 1982 


- 




22-23 Dec 1963 


0 


y 


10-12 Feb 1983 


- 


y 


16-17 Jan 1965 


+ 




21-23 Jan 1987 


- 




21-22 Mar 1967 


+ 




25-26 Jan 1987 


- 


y 


31 Dec 1970-1 Jan 1971 


- 


y 


22-23 Feb 1987 


- 




13-15 Jan 1982 


0 




12-14 Mar 1993 


0 


y 


8-9 Mar 1984 


- 


y 


8-12 Feb 1994 


+ 




7-8 Jan 1988 


+ 




2-4 Feb 1995 


+ 




26-27 Dec 1990 


+ 




6-8 Jan 1996 


- 


y 


19-21 Dec 1995 


- 


y 


31 Mar-1 Apr 1997 


0 




2-4 Feb 1996 


- 


y 


24-26 Jan 2000 


- 


y 


16-17 Feb 1996 


0 




30-31 Dec 2000 


- 


y 


14-15 Mar 1999 


- 


y 



illustrated a number of similar discrepancies (not 
shown). 

Daily values of the NAO 11 were also examined to 
assess relationships with significant Northeast snow- 
storms. In chapters 3 and 4, 30 significant Northeast 
snowstorms are presented. In chapter 5, 30 “near miss” 
snowstorms are also presented. The daily values of the 
NAO were examined for these 60 cyclones during the 
period 1948-2000. Table 2-5 provides a description of 
the sign of the daily NAO values during each storm 
event. If the sign of the NAO changed value during a 
storm event, the event was assigned a neutral or 0 value. 

Of the 30 significant snowstorm cases (Table 2-5), 22 
occurred during periods when the NAO was clearly in 
its negative phase. Five cases occurred during periods 
when the NAO was clearly positive. Of these 22 cases, 
10 occurred during a period when the negative phase 
of the NAO was weakening or becoming positive, sim- 
ilar to the signals shown for the three examples during 
January 2000, December 2000, and March 2001 (Fig. 
2-16). 

Of the 30 near-miss cases (Table 2-5; also see chapter 
5), 16 or slightly more than half of the cases occurred 



11 Daily values of the NAO from 1948 to the present were provided 
by Gary Bates of the CIRES Climate Diagnostics Center. 



during distinct periods during which the NAO was in a 
negative mode, while 9 occurred during a positive mode. 
However, 14 of 30 occurred during periods when the 
negative phase of the NAO was either weakening or 
becoming positive. 

The daily NAO values indicate how important the 
nature of the circulation pattern over the North Atlantic 
can be to Northeast snowstorms. During the very mild 
winter season of 1999/2000, both January and February 
exhibited a positive value of the NAO. However, when 
the daily NAO records are applied, it becomes clear that 
the period between 12 and 29 January was characterized 
by the negative phase of the NAO (Fig. 2-16). During 
this period, cold weather and significant snow affected 
the eastern United States, including a major snowstorm 
on 24-25 January (Fig. 2-16, top). During the following 
winter, two periods during which the NAO was dis- 
tinctly negative occurred from mid-December 2000 
through early January 2001, and then again during late 
February through early March 2001. During these pe- 
riods, major Northeast snowstorms occurred on 30 De- 
cember 2000 and 5-7 March 2001 (Fig. 2-16, bottom). 
These periods of negative NAO were marked by an 
upper ridge in the North Atlantic, sometimes referred 
to as the Greenland block (see chapter 4), and a deep 
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Fig. 2-16. Surface weather maps for the 25 Jan 2000, 30 Dec 2000, and 6 Mar 2001 snowstorms contrasted 
with daily values of the NAO over a 6-month period during which these snowstorms occurred. Red arrows 
point to the dates of the surface maps. 



trough or cutoff low was observed in extreme eastern 
Canada. 

Another common signature in the daily NAO index 
for the three cases noted above is that each of these 
three events occurred during a transitional period, after 
the NAO reached its nadir and was trending less neg- 
ative (or positive). This suggests that the weather pat- 
terns occurring during the negative phase of the NAO 



appear to establish conditions conducive to the forma- 
tion of Northeast snowstorms, especially by locking in 
colder air throughout the Northeast. The transition pe- 
riod for the NAO also suggests that those conditions 
may “relax” just prior to or during the storm. If block- 
ing patterns were to remain in the North Atlantic as a 
cyclone developed along the East Coast, it is possible 
that the storm could not evolve into a well-developed 
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Fig. 2-17. Daily values of the NAO for several periods surrounding six major snowstorms. 



cyclone and move up the coast. Rather, the larger-scale 
circulation might dominate and suppress the develop- 
ment and track of the storms farther south and east, so 
as not to affect the Northeast. While the monthly trends 
in the NAO correlate with cold northeastern winters and 
enhanced snowfall, the daily trends indicate that as a 
negative NAO pattern weakens or shifts, a storm system 
nearing the southeast U.S. coast has a better chance of 
moving up the east coast as a major snowstorm, rather 
than eastward over the Atlantic Ocean. While these con- 
ditions can contribute to an increasing likelihood of 
snowstorms in the Northeast urban corridor, they should 
not be considered a sufficient condition for their oc- 
currence. 

Examples of six major snowstorm events described 
later in this monograph that occurred during periods in 
which the storms developed within a period clearly char- 



acterized by a positive rebound from the negative phase 
of the NAO (Fig. 2-17) provide supporting evidence to 
the examples shown earlier (Fig. 2-16) that there appears 
to be a significant relationship between the development 
of several significant Northeast winter storms and a sign 
change in the short-term fluctuations of the NAO. 

This examination of the relationship between the 
NAO and Northeast snow events indicates that more 
than half of a sample of significant Northeast snow- 
storms appear to develop during periods in which daily 
values of the NAO are distinctly negative. It also ap- 
pears that a significant number of these storms also oc- 
cur during periods in which the negative phase of the 
NAO is weakening (daily values increasing toward zero 
or become positive). This offers some tantalizing as- 
sociations that indicate that the onset of a period of 
negative NAO values, whether they occur for days, 
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weeks, or months, may be indicative of a cold period 
for the Northeast and an increased potential for signif- 
icant Northeast snowstorms. 

3) Global warming 

Another climatic signal that influences North Amer- 
ican climate is warming that has been occurring since 
the 1960s (Livezey and Smith 1999; Lau and Weng 
1999). The subject of global warming and the issue of 
natural variation versus anthropogenic contributions 
(i.e., Santer et al. 1996; Karl 1996; Houghton et al. 
2001) has become one of the great scientific and political 
debates as the 21st century begins. Irrespective of its 
causes, the phenomenon of global warming is associated 
with rising global surface temperatures and is noted here 
to complete a discussion of seasonal snowfall. 

Table 2-3 offers some possible insights into the pos- 
sible influence of a warming trend on seasonal snowfall. 
For the cities of Boston, New York, Philadelphia, Bal- 
timore, and Washington, seasonal snowfall appears to 
have been at a maximum in the late 19th century. For 
the last three decades of the 20th century, the means 
for New York, Philadelphia, Baltimore, and Washington 
were 7.0 (18), 1.8 (4), 4.2 (10), and 4.8 in. (12 cm), 
respectively, less than the averages for the first 50 yr 
of the century. While the decade of the 1960s included 
some of the snowiest periods of the century, there has 
been an overall decrease in seasonal snowfall from New 
York City southward since that decade that is consistent 
with a period of warming. 

It is interesting to note, however, that the decade of 
the 1990s and the first three winter seasons of the 21st 
century brought greater variability in seasonal snowfall 
that is not reflected in the mean snowfall. Five seasons 
exhibited snowfall greatly exceeding all means, includ- 
ing 1992/93, 1993/94, 1995/96, 2000/01, and 2002/03. 
Meanwhile, several seasons exhibited much reduced 
snowfall to near-record levels, including 1990/91, 1991/ 
92, 1994/95, 1997/98, 1998/99, and 2001/02. In addi- 
tion, the three highest-ranked snowfalls using the North- 
east Snowfall Impact Scale (NESIS; Kocin and Uccel- 
lini 2004; also see chapter 8), representing the most 
widespread snowfalls of 75 heavy snow events since 
the late 19th century, have occurred since 1990. 

Whether this increased variability is merely a statis- 
tical blip or has some relationship to increased warming 
and associated extreme climate variability represents an 
interesting topic, but one that is beyond the scope of 
this monograph. 

4) Summarizing the relationships between 

CLIMATE PATTERNS TO THE SNOWFALL 
DISTRIBUTION 

There are no simple relationships between major cli- 
mate anomalies such as the Southern Oscillation and 
the North Atlantic Oscillation, and also global warming, 



to the observed variations in seasonal snowfall over the 
past 130 yr. These anomalies do appear to influence the 
distribution of seasonal snowfall. It appears that the oc- 
currence or nonoccurrence of just a few storms can sig- 
nificantly influence whether the seasonal snowfall is 
above or below normal. 

In some years characterized by the strong positive 
phase of the SO or an El Nino, there are more cyclones 
and more snowstorms. However, in some strong El Ni- 
nos, there are also more cyclones but very mild con- 
ditions and little significant snowfall. The influence of 
El Nino appears to lead to increased storminess, but that 
only occasionally translates into more snow for the 
Northeast urban corridor. The influence of the positive 
phase of the SO, or La Nina, appears to be related to 
less, rather than more, seasonal snowfall. 

The relationship between El Nino, La Nina, and mean 
snowfall for the entire United States over the period 
1948-93 is illustrated in Fig. 2-18, which shows that 
during seven particularly strong El Nino years (com- 
pared to 19 years characterized by neutral El Nino con- 
ditions), snowfall has tended to be greater over the 
southwestern United States and diminished particularly 
over the northern Rockies and over the Ohio Valley. 
There has been a tendency for slightly more snow over 
the middle Atlantic region and Maine. The lack of a 
strong signal for much of the Northeast urban corridor 
corresponds with the tendency of El Nino winters to be 
associated with both significant above and below normal 
snowfall, as was discussed in the previous section. The 
relationship between eight strong La Nina winters and 
19 years characterized by neither La Nina nor El Nino 
conditions, indicates a strong relationship with reduced 
snowfall for the Northeast urban corridor (Fig. 2-18). 

In some years characterized by the negative phase of 
the NAO, a pattern that increases the likelihood of cold 
air in the northeastern United States, seasonal snowfall 
is commensurately higher, especially with regard to an 
increase in moderate and heavy snow events. However, 
some notable enhanced snowfall seasons are associated 
with positive monthly and seasonal values of the NAO. 
When the low-frequency behavior of the NAO is ex- 
amined over interdecadal rather than interannual peri- 
ods, there appears to be more of a relationship between 
the negative phase of the NAO and seasonal snowfall. 

During the period 1948-93, an examination of snow- 
fall over 15 years characterized by neutral NAO con- 
ditions versus 14 seasons with a significant positive ver- 
sus negative phase of the NAO (Fig. 2-18) confirms a 
significant relationship between the negative phase of 
the NAO and snowfall across the Northeast urban cor- 
ridor. Little relationship is shown between the positive 
phase of the NAO and seasonal snowfall. 

c. The episodic character of seasonal snowfall 

While there appears to be some periodic behavior in 
the seasonal snowfall records, the fluctuations in sea- 
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SNOWFALL ANOMALIES 



El Nino and La Nina years NAO - + and - years 




Fig. 2-18. (a) Yearly snowfall departures (in.) for El Nino and La Nina years compared to neutral El Nino conditions. Departures are 
computed for seven of the strongest El Nino years and eight of the strongest La Nina years, compared to 19 neutral years during the period 
1948-93. (b) Yearly snowfall departures (in.) for both positive and negative phases of the NAO compared to neutral conditions. Departures 
are computed for 14 years characterized by + conditions and 14 years characterized by — conditions, compared to 15 neutral years during 
the period 1948-93. (Figure adapted from one provided by J. Janowiak, NCEP/CPC.) 



sonal snowfall in all five major metropolitan areas ap- 
pear to be closely linked to changes in the contribution 
of the moderate and heavy snowfall events. An assess- 
ment of the proportion of seasonal snowfall due to mod- 
erate and heavy snowfall events (greater than 10 and 25 
cm, respectively) is summarized in Fig. 2-19. 

During the last half of the 20th century, moderate and 
heavy events (snowstorms exceeding 10 cm) contributed 
to between 55% and 65% of the total snowfall for that 
period. Snowfall events exceeding 25 cm contributed 
between 18% and 24% of the total snowfall. When the 
10 snowiest seasons for each of the five major cities are 
examined, moderate and heavy events account for an 



even larger fraction of the total snowfall. In these 10 
seasons, moderate to heavy events account for between 
70% and 86% of the total snowfall while the major 
events (>25 cm) account for between 38% and 46% of 
the total snowfall. 

These numbers show that the moderate to heavy 
snowstorm events account for more than half to nearly 
two-thirds of the seasonal snowfall record in the North- 
east urban corridor during the last half of the 20th 
century. During the 10 snowiest seasons, the increase 
in seasonal snowfall is accompanied by an increase in 
the moderate to heavy events, accounting for three- 
quarters or greater of the total snowfall. During these 
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Fig. 2-19. (a) Histogram of the percentage of total seasonal snowfall during the period 1949/50- 
1998/99 due to moderate (>10 cm, blue) and heavy snow events (>25 cm, red), (b) Histogram of the 
percentage of the 10 snowiest seasons during the period 1949/50-1998/99 due to moderate (>10 cm, 
blue) and heavy snow events (>25 cm, red). 




snowy seasons, the largest events, with snowfall great- 
er than 25 cm, account for more than a third of the 
snow that falls. In the specific case of New York City, 
heavy snow events (greater than 25 cm) accounted for 
nearly half the total snowfall. The results illustrate the 



importance of these big, although rare, events in in- 
fluencing the seasonal snowfall characteristics and re- 
lated trends. 

These results indicate that variability in seasonal 
snowfall appears to be more often “episodic” than pe- 



Italicized dates indicate the events composing the 30-case analyses. 
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riodic in nature. In other words, winters in the Northeast 
urban corridor are characterized by prolonged snowfall 
droughts separated by sporadic episodes of significant 
seasonal snowfall. Furthermore, these episodes of sig- 
nificant snowfall are related almost entirely to changes 
in the frequency of moderate and heavy snowstorms. In 
the mean, these moderate and heavy snowstorms are 
relatively infrequent, averaging only about one to four 
events per season between Washington and Boston. But 
these numbers increase significantly during snowy win- 
ter seasons. 

In addition, the occurrences of heavy snow events 
(>25 cm) are typically very rare, sometimes not oc- 
curring for several years at a time. However, during the 
10 snowiest winters, the number of these events in- 
creases, with as many as four during a season in Boston 
to two to three from Washington to New York City. 
While an increase in moderate events can be related to 
a more active storm track or the presence of colder- 
than-normal conditions, the relatively rare heavy snow 
events that focus snowfall along the coastal plain war- 
rant an examination of conditions that are conducive to 
their formation. 

Table 2-6 contains a list of 115 “heavy snowstorm” 
events during the latter half of the 20th century and 
beginning of the 21st century that produced snowfalls 
of 25 cm or more in at least 2 of the 21 sections shown 
in Fig. 2-5 that encompass the Northeast urban corridor. 
These storms can be considered a listing of the most 



widespread and significant snowstorms of the last half 
of the 20th century. While all of these events were re- 
sponsible for significant areas of heavy snow across 
portions of the Northeast urban corridor, there are many 
variations in snowfall distribution from case to case. 
Some of these cases produced the heaviest snows pri- 
marily inland away from the coast and the centers of 
greatest population, or farther northward, usually from 
north of Boston to Maine. These storms are discussed 
in chapter 5. During these events, much of the highly 
urbanized sections from Virginia to extreme southern 
New England experienced a significant changeover from 
snow to rain, freezing rain, or ice pellets. These near- 
miss cases will be used to illustrate the sometimes subtle 
differences that may distinguish the crippling heavy- 
snow producers in the urban corridor from the near miss- 
es that are quickly forgotten by most the Northeast’s 
urban inhabitants. 

Thirty cases in which the snowfall is heaviest within 
the Northeast urban corridor (each italicized in Table 2- 
6) will form the bases of Chapters 3, 4, and 10 (volume 
II), where the general characteristics and structure of 
the most paralyzing snowstorms within the most heavily 
populated portions of the Northeast urban corridor are 
examined in depth. In the next two chapters, an ex- 
amination of the surface and upper-level conditions that 
contribute to and are associated with some of the most 
significant snowstorms provides insight into those rel- 
atively rare conditions that can impact many millions 
of lives. 



